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‘REPORT 


JOINT COMMITTEE ST. SPEC ICATION 


Society fer Testing Matra, 


* 


= 


os 


| 
| CONCRETE AND REINFORCED CONCRETE 
4 
dings, 
American Concrete Institute, 
tt 
i 
4 


forced Conerete consists of five representatives from of the following: 
American Society of Civil Engineers, 


ev. American Railway Engineering 


4 American Concrete Institute, 
Portland Cement Association. 


; This Committee is the successor of the Joint Committee on Concrete and 


"Reinforced Concrete which “was: organized in Atlantic City, N. SJ, June 


"1904 by the shove: named organizations, ‘except the “American Conerete 


Institute which was added by invitation of the Joint Committee 1 in 1915. . The 
= previous | Committee presented progress rep 


af final report to its constituent organizations 1916. was s the 


pose of that Committee to a Recommended Practice for ‘Concrete and 
Reinforced Concrete. Its final report stated: 


“The report is a but may used as a basis for specifi- 


The present J Joint Committee is the preparation of Speci 
eations for Concrete and Reinforced Conerete and i in preparing these specific 


_ tions is using as a basis the r report of the former Joint Committee with such 
— as are necessary to make its recommendations agree with current | 
practice, and such new data as mark advances in the art. 
a. The initiative in bri inging 1g about the present Joint Committee - was taken 
by the Committee on of the American Society for 
a ‘Cen of the ener to invite the Member Societies of the p previous a 
- Committee to -Co- operate in the formation of a new Joint Committee. The 
Executive | Committee approved this request on n April 25, 1919, and an i 
tion was issued to each of the above-named oiidllins. by the Executive. 

- Committee on behalf of the American Society for Testing Materials, to appoint 
five e members on a Joint Committee on Specifications for I Reinforced Concrete. 


The last of these organizations accepted the invitation on November 23, 1919. 


Poa On January 21, 1920, a call for an organizing meeting on February 11, 1920, 


was: sent by the Bacoutine: of that Society to each of the twenty- 
five representatives of co- operating org ganizations, t together with : a list of mem- 


bers of the Joint Committee, : and ee outline of organization that had been 


previously submitted by the American Society for Testing Matis to and 
approved by the co- operating organizations. 


organizing meeting was held at the Engineers’ Club, Philadelphia, 
. Pa., and was called to order by George S. ‘Webster, then Vice- President of the 


rre 
American Society y for Testing Materials, who explained that he had been 
_ directed by the Executive Committee of that Society to act as Temporary 
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"Chairman; further stated that ©. L. Warwick, Secretary- Treasurer of ‘tn 
: - Society, had been n requested to a act as Temporary Secretar: until | a formal 
organization, of the Joint Committee had been effected. 
he personnel of the Joint Committee i is as follows: 


American can Society of C Civil Engineers 


W.A.S , Chairman, Engineer-P — sicist, Bure eau of ‘Standard ‘Wa 
H. _ Division Engineer, New York and Ne ew Jersey 


AB its 


e and ent, American. Wire Fence Company, Chicago, Til. 


R. ‘Consulting Engineer, 62 8 Metropolitan Bank 


-Sanrorp E. THOMPSON, Consulting Engineer, ‘The Thompson and 


mpany, 136 Federal Street, Boston, Mass. 
K. Harr,t Professor of Civil Engineering, Purdue University, 


Americon: Society for Testing Materials 


Chairman, Consulting Engineer, Philadelphia, Pa, 
ALBERT T. GotpsrcK, Chief, Division of Tests, Bureau of Public Roads, 


Epwarp E. -Vice- President, Franklin Steel Works , Franklin, 
Henry H. , Consulting 


utive 
ok nti 

The D. Hapwen Engineer of Masonry Construction, ‘Chicago, Mi- 


utiv 
point 


‘Engineer of Br Minois © Central Railroad 


GEORGE E. Boy D,** Formerly Division. Engineer, Delaware, Lackawanna 

Western Railroad Company, Buffalo, N. Y. 


H. T. WELTY tT Engineer o: of Structures, New York Central Railro oa 


* Appointed June 20, 1922, to fill vacancy, brent “edt? ded 
Appointed June 6, 1921, to fill vacancy. 
-§ Resigned April 25, 1921. Succeeded as Chairman by W. A. Slater, ts” 
|| At the time of the completion of this report a vacancy existed in the representation of 
the American Railway Hngineering Association and the American Concrete Institute. ane 
{ Appointed November 21, 1921, to fill 


Resigned November ' 7, 
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to American Conerete Institute* 


Chairman, Consulting Engineer, Phil 


LEsLey, Past- President, Portland Cement Association, Phila- 


delphia, 
B. + Chief Engineer, _Aberthaw 


J, Vie ‘Turner Construction Company, New 


ARTHUR R. Lorp,t President, Lord Eng ngineering Company, Chicago, 
4 Leonarp C. W. ‘ASON,§ F President, Aberthaw Construction Company, 


Freperick W. Chair man, President, Portland 


— 


ASHTON, Chemical Engineer, Lehigh Portland yy 


Epwarp_ D. Boyer, Cement Expert, Atlas Portland Cement Company, New 


ott dbs C. Irwin x, Engineer, | Structural Bureau, Portland Cement Association, | 


FREEMAN,{ Formerly Manager, Structural Bureau, Portland Cement 


iH. LipBerton,* * Formerly Manager, Service Bureau, Universal Port. 


‘The Committee perfected a permanent organization on F ebruary 0, 
under the title “Joint Committee o on Standard and 


{ 


Vice- Chairman, J. J. Yates, Jersey City, N N. J. 


om Treasurer, Durr A. Aprams, Chicago, 
ecutive Committee consisting of these officers, and Rudolph 


“Mellen New York, N. Y., and S. C. Hollister, Philadelphia, Pa - 


— 


both the American Railway Association and the American Concrete Institute. 
‘|| Appointed September 29, 1922, to fill vacancy 
Appointed January 1, 1921, to fill vacancy ; September 14, 


Succeeded by W. A, Slater, May 25, 1021. ifr 
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The Committee adopted Rules of Organization and apportioned the work 
of preparing the specifications a mmittees the following 


(Other than Reinforc- 


ang): 


Duff A. Abrams, Edward E. 


‘Sanford E. Thompson, E. Lindau, 


J. E. Freema Arthur ‘R. Lord.| 1 


W. A. Slater, Chairman, D. Hadwen, Chairma 


Ashton, ~—sAngus B. MacMillan, 


L. D. Hadwen, Egbert J. Moore, 


“Henry H. Quimby, Frederick E. Schall, 
E. ad George E. Boyd, § formerly 
Leonard ©. Wason§ 
—Design: 6. 6.—Details of Construction and Fire- 
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5. 


Franklin R. McMillan, att H. Freeman, 
Egbert J. Moore, S. Moisseiff, ig 


©. K. Hattt Rudolph Miller, formerl 


Water- Proofity- Protective Surface Finish: 


Frederick W. Kelley, Chairman, an, oy. ‘Edward D. Boyer, 


=f Succeeded by J. BE. Freeman, January 1, TOL 


§ Sueceeded by T. L. D. Hadwen, November 21, 1921. 


Succeeded by Angus B. MacMillan, ‘October 19, 1920, | 
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A. Abrams, Secretary, H. Quimby, 


‘Albert Goldbeck, YT 4 J. ‘Yates, 


The Joint Committee held the following meetings 


Organization meeting, , Philadelphia, February 11. 


Third meeting, New York, N. Y., , October 26, 27, : and 28. att 
Fourth meeting, New York, N. Y., , December 15, 16, all 


Fifth ‘meeting, New York, N. Y., March 2 2, a nd 4 
Sixth meeting, ‘New York, N. > , April 13, 14, and 15 gett wh 


— 


‘meeting, Asbury Park, N. J., June 2 
Eighth meeting, New York, N. Y., October 4 and 5. 

Ninth meeting, New York, ‘N. December 9. 


"Tenth n meeting, ‘Cleveland, Ohio, ‘February 


meeting, Philadelphia, Pa., Jun une 1 and 2. ifs 


“Fourteenth h meeting, Cineinnati, Ohio, January 25 and 26. 
Sixteenth meeting, New York, N. Y., June 


Seventeenth New York, N. October 3 3, 4, 4, and 


Second ‘meeting, ‘Asbury Park, _N. ‘J., Tune 23 and 24. Ww 


Numerous meetings of the Sub- Committees were held ms ties “interval ale 


meetings the Joint Committee the re] reports of its Sub- 


_ Committees, which were edited by the Sub-Committee on Form and incor 


"porated i in the Standard Specifications for Concrete and Reinforced Concrete 


TENTATIVE Report FoI For CRITICISM AND Discussion 


The Joint to its constituent organizations Tentative 


a 


Specifications for Concrete and Reinforced Concrete, June 4, 1921.{ As pro- 


a Succeeded by T. L. D. Hadwen, November 21,1921, 
Proceedings, Am. Soe. E. , August, 1921, pers and Discussions, 
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vided in its Rules of these for 


criticism | and discussion on by the constituent organizations for a period | of more — 


, covering six on December 7 7 and 8, 1921, 
was continued for four months in the Proceedings of the Society.* a 


—At the Annual Convention ‘of ‘the American Concrete Institute, Cleve-_ 


3.— The American Railway Association referred ‘specifi- 
pn ‘to its Committee on Masonry and the latter discussed them at several a 


_ —The American Society for Testing Materials referred the specifications 


to its several Committees that were particularly interested, and they were dis- 


‘ cussed at the Annual Meeting « of the Society held at ‘Atlantic Ciy, N. J., June 


(5.—The Portland Cement Association referred th the specifications to 


a result of the discussion and 1 criticisms: the Joint Committee agreed 
, to sponsor a series s of field tests made un under the a auspices of a Joint Comite 
with of determining whether the of 
™ the Joint Committee on Standard Specifications for Concrete and Reinforced 
Conerete were practical, , especially as regards the provisions the control of 


A 
‘Tests were made summer of 1923 on the concrete used in 


a “ster, Inc., the ‘ecisianisshiaais ‘these tests have been completed and w ith a discus- 
sion of the results will be available i in tl the near future. 


A second series of tests was made of the concrete being used in the con- 


‘New Jersey through the co- operation of the Railroad Company; these tests 


are practically completed ; it is expected that other tests will be made during | a 


ee of the piers of the Newark Bay Bridge of the Central Railroad of 


Commerce (Bureau of Standards), Department of Higtiways’ of the 

wealth of Pennsylvania, the Joint Committee of Contractors, and the Struc- 

tural Materials Research Laboratory, Lewi is Institute, ‘to whom the thanks and 


~The far obtained are a substantial 1 justification of the Joint 
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Another series of tests is to be inaugurated under. the aus auspices of the J oint 
‘Commnibee on Concrete Reinforcement of the American Society for Testing 
‘Materials, having ¢ as an object the the development of data as a basis for ' specifi 


ee 


- The Joint Committee on Standard Specifications for Concrete and Rein- 
forced Conerete has carefully reviewed the criticisms and discussions of its 
recommendations and the data that have become available since it submitted 
“the Tentative Specifications in 1921, and has has made such modifications in the 


‘The Committee is (of the opinion that it should now submit the Standard 


| Specifications for Conerete and Reinforced Conerete ; with the | later data as 
the result. of tests now in. ‘progress it may | be deemed desirable to. submit rex revi- 


sions in the light of the information obtained. 


the specifications are as regards the general uses of con- 
crete and reinforced | concrete, they may ‘Tequire s some additional paragraphs to 
“cover the ‘use se of these materials for special purposes. 


‘The Committee has under consideration ‘supplementary specifications cov- 
_ special 1 uses of conerete and ‘Teinforeed. concrete on which it is not pre- 


ay The Joint Committee further calls attention to the fact that it has under-_ 
_ taken to prepare specifications covering the fundamentals 1 to be observed it in the. 


general use of concrete and reinforced concrete; no attempt has been 3 made 
to cover thé details involved in the use of these materials in special st 


Although the sections relating to design deal primarily with: building 
* struction, , nevertheless the principles involved 1 are of general ‘application to 
This report has been submitted to letter ballot of the J oint Committee which 
consists of 23 -members,* ‘representing the five societies, 22 of whom voted 
affirmatively, 0 and 1 hes ‘refrained from voting 
Epwanp D. Boyer,  Ancus B. MacMutan, { 
FO # R. McMutan, ody to to 


Wy. 


W. A. SLATER, 

c .s - * At the time of the completion of this report a vacancy existed in the representation 
of both the American aneted a Association and the American Concrete Institute. 
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CONORE TE AND REINFORCED CONCRETE 


and ‘reinforced Goncrete. To use them in n connection wie the | 


tract it will be necessary for the Engineer to bad hs frre 


(a) Provide the detail specifications tee work in particular 
which th d f 
which the concrete an rein orced concrete are to be used; 

Section 7% Table insert percentages required; : 
m (c) Section 10, fill in the blank indicating - percentage of mortar - strength 


required of fine aggregate as compared with standard ‘Ottawa sand; Be 


q Section 14, Table 2, insert sieve sizes and percentages required; 


— (e) Section 21, strike out one of the titles of the specifications for rein- 


4 forcement bars; if billet steel bars are to be used, indicate whether structural, 


a (f) Section n 24, . strike out one of the titles of the specifications for. 


af 
4 (g) Section 28, strike out “volume” or “weight ;” 
(hk) Section 29, if no tests of concrete are to be maida, strike out the ast 
pega in accordance with the footnote. In Table 4, insert the concrete | 


strengths which rich are assumed design of the different portions 
4 (a) Section 30, Table 5, insert the slumps required; 7 
Section 51, strike out the method or methods for 
under water yhich are not applicable. to the work; 
- (k) Chapter X, strike out sections on surface finish which do not apply; 


Section 9: 95, strike one the two sections on terrazzo 


2.—The defir ns give othe meaning terms as used in 


Acid Proofing. -—Treatment of a concrete surface i in order to provide — : 


~ an _Aggrega ate —Inert material Ww which i is mixed with Portland ceme cement and water 


to produce concrete; in general, aggregate consists of sand, pebbles, — 

- crushed stone, or similar materials, 4 (See Fine Aggregate; Coarse Aggregate.) 

~~ Anchorage— —The embedment in concrete of a portion of. a reinforcement 


_ bar, either straight or with hooks, _ designed to prevent ‘pulling | out or slipping 


¥ ay of the | bar when subjected to stress. (The anchorage of tension reir reinforcement 

=. in beams includes only 1 the embedded length beyond a — of —a 
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of, or. specifically authorized by, the 


Buttressed Retaining Wall—A retaining wall with brackets. or buttresses 
. on the side o ‘opposite the pressure face uniting tl the upright section with the me] 


Cantilever Retaining Wa all. reinforced concrete wall an 
Cellular Retaining Wall. —A wall ase, longitudinal: up- 
_ right sections, and a series of transverse walls, dividing the space between the | 


longitudinal sections into cells which are filled with earth or other 


Coarse A ggregate. ,—Ageregate, s subject to specified tolerances, retained ona 


No. 4 sieve and of a maximum size generally not larger than 3 in. (See 


Column- —An ‘upright compression -member the length of which exceeds 


Column Capital. —An enlargement of the end of a reinforced concrete 
column designed and built to act as a unit with the column and flat slab. eT 
os Column Strip. —A portion of a panel of a flat slab which has a peeres ‘ 
i. width equal to one-fourth of the panel length perpendicular to the direction of 
“the strip, and outer edge of which lies on the edge of the "panel. 


Middle Strip; also, Appendix I, Fig. 15.) 


Composite C Column.— —A cireumferentially_ reinforced concrete column with | 
g ox of structural steel or cast iron which is designed to carry a portion of the _ 


—Concrete-—A mixture of P Portland cement, fine aggregate, aggregate, 
\ 


Consistenc y.—A general term used to ‘the relative plasticity of 


-Counterforted Retaining W all. reinforced ‘conerete wall with brackets 
or counterforts: on the pressure face uniting the upright section to the a 


Crusher- Stone. —Unscreened crushed stone. Stone Screenings.) 


Load.— —Weight of the permanent parts the 


Bar.—Reinforcement bar with shoulders, lugs, or projections 
formed integrally with the bar during rolling. Bt 
Diagonal Direction —A direction parallel or approximately parallel ‘to the 
diagonal of the panel of a flat slab. 
Bod Dropped Panel.—The structural portion ‘of a flat s slab which is ‘thickened 
throughout an area surrounding the column capital. att 
‘Effective Area’ of Cencrete.—The area of a section of the conerete’ ‘which 
Tie lies between the the compression su ‘surface in a beam — 

Effective ea of Reinforeé ment. —The area obtained by multiplying the : 


Tight area of the metal reinforcement the cosine of the angle 
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between i its 


Engineer.—The engineer in ‘responsible charge of the work. bs 


Fine Aggregate — Aggregate, to specified tolerances, passing 


Plat Slab —A concrete slab having reinforeement bars extending i in two or 
more directions without beams or girders to carry the load to s upporting mem- 
PH Footin g.—A structural unit used to distribute wall or column lo: ads to the 
Gravel. —Rounded particles larger than sand resulting from the 
disintegration of rocks. (See Sand, 


yar Laitance. Extremely fine material of little or no which may col- 
- Jeet on the surface of freshly ‘deposited concrete | or mortar, resulting from the 
use of excess mixing water, and usually. recognized by its relatively light color 


Load. —Loads and forces other than the dead load. 
- Middle, Strip.—The } portion of a 1 panel of a flat slab which extends in a direc- 


- ie parallel toa ‘side of the panel, the width of which is one-half the panel length 
at right angles to the direction of the strip and the center line of which lies on 
4 ‘the center line of the panel. (See Column 8 Strip; ; also, Appendix I I, Fig. 15. ot 


Mortar—A mixture of Portland cement, fine aggregate, and water. (See 


_ Negative Reinfor cement.—Reinfor reement so placed as to take tensile stress 


Oil- ~Proofing. —Treatment of a concrete for the purpose of prevent- 


ing the ‘penetration of, and resisting g the e action of, ‘oils. 


r Panel Length. —The distance in either rectangular direction between centers 


Pedestal. —An upright compression member the height of which does 1 not 
exceed three times its least lateral dimension. — 

_ Pedestal 1 Footing. Ta. column : footing projecting less than one-half its depth 


Ps from the faces of the ‘column on all sides and having a depth not more ~ 


Plain Conerete.— —Concrete without metal reinforcement, 
Portland Cement. —The prodgct obtained by finely pulverizing clinker 
by to incipient fusion an intimate and properly 
mixture of argillaceous and calcareous materials, with no additions subsequent 
to calcination except water and caleined or uncaleined gypsum. 
Positive Reinforc cement.— —Reinforcement so placed a as to. tae tensile stress 
as _ Principal Design Section. —The vertical sections in a flat 4 on which the 
moments in the rectangular. directions are critical. Section 143.) 


Ratio —The ratio of the effectiye area of the 


“Rectangular Divsetions direction to. a side of the of a ‘fat 
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Reinforced Cobos —Conerete i in which metal is embedded in such a man- 


her that the two maaterials: act together resisting forces. ton 
Rubble Aggregate. —Stone or gravel larger than 3 ‘in, in 


peighing n not more than 100 lb. 


Rubble Concrete. —Concrete' in which pieces of: rubble aggregate are indi- 
‘Sand.—Small grain ns resulting from the of rocks. 


(See ravel. 
Screen.—A metal plate with « closely spaced ‘circular 


Sieve-—Woven wire cloth with | square openings. Screen. ) 


Slump. —The shortening of a standard test mass of freshly mixed ——: 


used as a measure of workability i in accordance with the standard method. (See 


» screened to pass: a 


tests of Portland specifications, see Appendix IL.) 
Stone ‘Screenings. —Crushed stone, subject to specified t tolerances, “passing 
through a No. 4 sieve. (See Crusher- Run Stone.) 


Strui 


the outer edge of a wall panel. 


= 


_ —Strength— - The design of the various portions of of ‘the s structure is based 
on assumption that the. conerete will “develop the compressive strengths at 


of Field Specimens.—The making, curing, and of field 
ioneréte test apecimens shall be carried out in accordance with the “Standard ; 
| of Making and Storing Specimens: of Concrete in the Field”. (Serial 


{! 
CHAPTER 


Designation: of the American Society for Testing Materials (Ap- 


§—Portland Cement. —Portland cement, shall conform to the “Standard 


pecifications and Tests for Portland Cement”+ (Serial C9- 21) 


» .* These specifications cover the usual requirements for aggregate. Where concrete a 

special properties is the ‘specifications should make clear the characteristics of 

These specifications are also the standard of the following: ‘United States Govern- 
ment, American Engineering Association, American Concrete Institute, Portland 


6 
| a 
or. 
nem- 
» the 
ural 
col- 
the 
irec- — 
ngth 
son 
15 
5.) Tremie.—A water-tight pipe of suitable dimensions, generally used in a 
(See position, for depositing concrete under water, 
ch extends from column to 
: 
i 
lepth 
than 
= 
— 
pro- § 
oned 
uent 
q 
tress 
d 
the 
a 
cut 


Aa 
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the American Bocinty for Testing Materials (Appendix II), and 


Sid 6.—General Requirements.—Fine aggregate shall consist of sand, or oth 


- a approved inert materials with similar characteristics, or a combination theres 
= clean, hard, strong, durable, uncoated grains and \free from_ injuriou 
amounts of dust, lumps, soft or flaky particles, shale, alkali, organic matty 

—Grading.— —Fine aggregate shall size from fine to coarse withi 


the limits indicated in Table 1. oni 


The grading requirements will vary with the type of work and characteristics o 
‘materials available in any given locality. Wherever = following values shouli 
inserted: (a) = 85% ; (b) = 30%; (c) = 10%; (d) = 3%. 


Concrete” 94) ‘of the American Socie 


9.—Decantation Test. —The decantation ‘test ‘shall be made in accordant ll 
—_ the “Tentative Method of Decantation Test for Sand and Other Fin = 


Aggregates” (Serial Designation: D136- 22T) of the American Society ! fa 


‘Testi x aes Fastt fawn. ont 


; am 10.—M ortar Strength Test. —Fine aggregate shall be o of such quality that = —— 
a. mortar briquettes, cylinders, or prisms, consisting of one ‘part by weight af “9 
a eae cement and three parts by weight of fine aggregate,* mixed and testel 


n accordance with the methods described in the “Standard Specifications 2 and i 
Tests for Portland Cement” (Serial Designation: C9—21) of the Amerieit 


— Society for Testing Materials (Appendix II), will ‘show a tensile or compre ie 
sive strength : at ages of 7 q and 28 days not less than... t per cent. c of that of 1: mi, 
standard Ottawa sand ‘mortar of the same plasticity ‘made with the saute 

cement. Concrete tests shall be made in in accordance with the “Tentatir 

Methods of Making Compression Tests of Concrete” (Serial Designation 

—21T) of the American Society for Testing (Appendix XII) ix 

11. —Organic I impurities in Sand. —Sand when tested in accordance with thee t 

@Standard Method Test for Organic Impurities in’ Sands for Concret! and 

the grains which may affect the strength. = 

Mortar, but should contain its natural moisture. The quantity of water tained ay 

Setermined on a separate Sample and the of the sand used in the test correct 
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_ SPECIFICATIONS FOR CONCRETE AND REINFORCED CONCRETE 


(Serial Designation: 040-22) of the American Society for Testing Materials 7 


(Appendix x ), shall show a color not darker than the standard ‘color unless 


—Permissible Variations. —Fine aggregate which does" not conform 
he above requirements for grading, ‘mortar strength, or color, may be used 


when by the Engineer and then in such proportions as he may 


18.—General —Coarse aggregates” shall of crushed 
gravel, or other approved, inert materials with characteristics 


or combinations thereof, | having clean, hard, strong, durable, uncoated particles | } 
ree from injurious amounts of soft, friable, thin, « elongated o or ' laminated } pieces, 


centage Grading. —Coarse ageregatet shall range in size fom. 


weight, within the limits given in Table 2. 
TABLE 2.— —Size AND GRADING OF Co SE AGGREGATE. 


as PAU 
out Percentage 
lues should Not tess than 


Not less than.. ooh 
Not less than.. F 
Not more than 10 


_ The Engineer must insert in these blanks the sizes and percentages required with : 
Tegard to materials available. The following table indicates desirable gradings for coarse 
pageregates of certain nominal maximum sizes: ATTA if STOR 


_ PERCENTAGE Passina 
Nominal | ‘Percentage BY WEIGHT Passine THROUGH Nor more taar: 


No.4 


veight of 


15 The test for size and grading of aggregate shall 
in We Star with the “Standard Method of Test for Sieve Analysis of Aggre- 
gates for Concrete” (Serial Designation: ; C41—24) of the American Society, for. 
gnation Testing Materials (Appendix VIII). 


ix 16, —Permissible Variations —Coarse aggregate} which not omform 


ee beg ids Arvin 4 


with the to the above requirements, may be used only when approved by. the Hidtiew., 


cit Appendix XVI furnishes a guide in determining the ees of materials re- 


quired ed to produce concrete of a given strength, using aggregates of different sizes and con- 

an n work of considerable ‘magnitude where several suitable ‘coarse aggregates are 


available, an investigation of the relative economy of each is advisable. = of 
tuirements for the quality of coarse aggregate for purposes ‘should be 
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“4 1172 SPECIFICATIONS FOR CONCRETE AND REINFORCED CONCRETE 


De —RuBBLE AND CYCLOPEAN AccREGATE tis tral 


—Rubdble Aggregate. —Rubble aggregate shall consist of ‘Weak,’ dlop 
durable stone or gravel larger than 3 in. and weighing not more than | 100 Ib. ess t 
.—Cyclopean Aggregate. shall consist of lean, 
durable stone weighing more than 100 


4 


a —Storage of Aggregate: —Aggregate shall be so stored as to avoid the i it 


clusion of foreign materials. ‘Frozen’ aggregate or aggregate containing lump 


of frozen material shall be thawed before v using. to 


20— —General Requirements. for 


shall be clean and 
it nount 25 


rom injurious amounts of oil, acid, alkali, organic matter, or o ther deleteriow seeaite 


| —Quality. —Metal reinforcement : shall meet the requirements of the: 


= “Standard 1 Specifications* for Billet- Steel C Concrete Reinforcemat 


Bars” * Grade (Serial Designation: A15—14) of the. American Societf Mater 
Testing Materials (Appendix IIT). 09 | 
“Standard Specifications* for Rail- Steel Conerete Reinforcement Ban’ ods 
> Pe pre: Designation: A16— —14) of the American Society for Testing Mate gu: 
os rials (Appendix IV), except that the provision | for n nachining 


bars before testing shall | be eliminated. 


— Sizes “of Bars.—Reinforeement bars shall “conform to him. 


3.—Sizks . AND AREAS: OF REINFORCEMENT Bars.t 


four | 


0.806 


Square 

bar. 


The Engineer must strike out one of these titles. The Committee recommends, ® 
__-preferred material for reinforcement, that meeting the requirements of the “Standard Spe 
ee fications for Billet-Steel Concrete Reinforcement Bars” of. intermediate grade, made! 

the open-hearth process, except that the Provisions for machining the —_ specimens sh 

+ The Joint Conference of Representatives of Manufacturers, and Users 

; Concrete Reinforcement Bars held in the Department of Commerce, Washington, D. C., # 

a tember 9, 1924, unanimously adopted the areas and sizes of reinforcement bars in Table § 
% % with the addition of the 4 in. round bar, area, 0.049 sq. in.; to become effective as apply! 

to new production, January 1, 1925; every effort to be made to clear current orders # 

existing’ stocks of eliminated: areas ‘before March ‘1 1925. 
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Deformed Bars. —An deformed bar shall be one that 


94. Structural Shapes. —Struetural ‘steel shapes “used for reinforeement 
shall conform to the ‘Tequirements of the: ai 


“Standard Specificationst for Structural ‘Steel Bridges” (Serial Desig- 


of the American ‘Society for Testing Materials" (Ap- 


Standard Specifications+ for Structural Steel for Buildings” (Serial 


Designation: A9- of the American Society for Testing Materials | (Ap-- 
—W ire.—Wire for concrete reinforcement shall conform to the require- 
a ments of the “Tentative Specifications for Cold-Drawn Steel Wire for Concrete _ 


Reinforcement” (Serial Designation: A82- -21T) of the e American Society | for i 


the: -96.—Cast Iron.—Cast iron used in composite shall conform to the 
i requirements of the “Standard | Specifications for Cast-Iron Pipe and. Special - 
ree astings” (Serial Designation: A44- -04) of the American Society for Testing 


—Umit of Me easure. _The unit of measure shall the foot. _Ninety- 


a Sour (94) pounds of Portland cement (one bag | or 3 4 bbl. ) shall be considered as as 


Measurement of Agg "measurement shall be 


such as to secure the specified anentieine in each batch. The aggregate shall 


Th volume measurement ‘the fine aggregate, and the coarse aggregate shall | ~ 


be te measured loose, as thrown into the n measuring device, and struck off §. ‘The 


29. —Proportions. —Conerete shall be mixed the proportions indicated 
Variations in in| the grading of ‘the aggregates, on which the proportions were 
Based, may be made upon the approval of the Engineer and in such proportions — a 
ah 


rmends, 4 Bs he may direct (Sections 3 and 14), but no claim shall be made for extra com- 


*The Committee has under consideration a specification for deformed bars, . but is not 
Prepared at this time to make more definite recommendations, 


tThe Engineer must strike out one of these titles. 


aS applyi 3 _$The volume of fine aggregate is affected by the method of ‘measuremen nt and by the : 
orders *B@Moisture content; corrections should be made, , necessary, to maintain the required 
Portions ; see, also, footnote to Table 4, 
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pwill de- 
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00 Ib. Beross-sectional area.* The areas of deformed bars shall be determined by the __ # g 
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7 vd beni nad PROPORTIONS B' BY pos = Concrete strengtht 


assumed as basis 


Fine “Coarse |  Persquareinch | 
Cement. aggregate. | aggregate. | at 28days. 


- _* The Engineer should determine, by tests of the available aggregate in advance of us, 
‘Se proportions necessary to produce concrete of the required strength. Where this is in 
- practicable, Appendix XVI may be used as a guide. Appendix XVI is based on voluma 
of dry aggregate compacted by rodding in the measure, as specified in ‘Standard Methoi 
of Test for Unit Weight of Aggregate for Concrete,’’ see Appendix XV. Corrections shoul 
q be made in the quantities in Appendix XVI to take account of the bulking effect of moistur 
in the fine aggregate. The bulking (swelling) of fine aggregate due to contained moisture, 
— and the method of placing it in the measure, may result in a reduction of 25% in th 
actual quantity of fine’ as compared with that by dry measurement 


¢ The measure of the of concrete. is its as by the slum 
a ~, or other approved test, and its compressive strength of 28 days, using the materials i® 


= dt, Concrete strengths to be used as basis tor design to be filled in by the Engineer, 

‘The Engineer shall have the right to » any changes in 
materials that may be’necessary or desirable, and proper adjustment of com § 

pensation will be made i in accordance with the provisions the contract, 

In general, the quantity of water used shall be the minimum necessary to 

produce concrete of a workability specified in Table 5. 

__ Frequent tests* shall be made throughout the work, as. directed by 1 the En- 
gineer, to determine whether the concrete produced by the proportions given in ' 
_ Table 4 is of the quality specified. _ These tests ‘shall be made i in accordance f 


; ‘ with Section 4 and at the expense of the owner. “The Contractor shall provide 
such: facilities as be for carry ing out th e tests, and shall 

3 


voit 30. —Consistency. —T he quantity water used shall be the n minimum neces 


onary to produce concrete of a workability r required by 1 the Engineer. + The con 
"sistency of the concrete shall be measured by the ‘slump test as described i m 
te Tentative Method of Test for Consistency of ‘Portland- Cement Concrete for 
Pavements or for ‘Pavement Base” (Serial Designation : Diss. 22T) of the 
American Society for Testing Materials (Appendix XI). “The slump for the 
~ different types of concrete shall not be greater ‘than: that indicated in ‘Tables, 


authorized by the Engineer. tod bas & A) toorib 


a The co consistency shall be checked from time to time during the progress af 


= 


; — cama If no tests are to be made on concrete from available. materials, or on the coer 


mixed during the work, this paragraph must be omitted. 


Attention is called to the fact that increased workability may be obtained by decre® 
ing the quantity: of coarse aggregate in n the bi batch, without inereasing the of 


‘ 


Reinfc 
ment 
produ 
or tt 
q 
wer 
Rein 
(a) 
(c) 
Road 
(a) 
(b) 
Mort 
= 
te 
t 
by t 
sure 
+ 
mix 
unt 
Th 
he 
yf 
hi 
shi 
fir 
tir 
ha 


[Pa Papers] SPECIFICATIONS FOR CONCRETE AND REINFORCED 
TABLE 5.—W ORKABILITY OF . AND Mortar. 


: aximum siump, 


inches, 
re inch © . 


(b) Machine-finishe edo + 


+The Engineer must insert the maximum slumps permitted.. The slump-test require- 
| ment is intended to insure concrete mixed with the minimum quantity of water required to 
this is in.produce a plastic mixture. The following table indicates the maximum slump desirable | 
yn voluma™for the various types of concrete, based on average aggregates and proportions: 


ests. 
urd Methoi 
of moisture Maximum 


raterials in (a) Thin vertical sections and 

(b) Heavy sections 
(c) Thin confined borizontal sections 
ngineer, Roads and pavements: 
(a) Hand-finished . 
yrtions 0 for floor finish. viting 


of com: 

essary —Machine- -Mizin 9. —The mixing of concrete, unless otherwise authorized 


ti 1 
bby the Engineer, shall be done in a batch mixer of approved type which will i in- : 
sure a uniform distribution of the materials throughout the mass, so that the 
mixture is uniform in color and homogeneous. _ ~The - mixer shall be > equipped 


Be 


corde with suitable charging hopper, water storage, and a water- -measuring device 
controlled from a case which can be kept locked and so constructed that the ht he. - 


y the En-§ 
given i in 


provide 


‘shall © B water can be discharged only while the mixer is being charged. It shall also . ; 


era be ‘equipped with an attachment for automatically locking the discharge ever me 
ve vata until the batch has been mixed the required time after all materials are in — 
mixer. The entire contents of the drum shall be discharged before recharging. 


The mixer shall be cleaned at frequent intervals while in use. ‘The volume of 


the mixed 1 material per batch shall not wrens the manufacturer's s rated capacity 
cribed in} of the mixer. te L the sth 


—Time of Mixing —The mixing of batch ‘shall continue not less 
of the | than 1 min. after all the materials are ‘in the mixer, during: which time the 


mixer shall rotate at a peripheral speed ‘of about 200 ft. ‘per 


“Table $8.—Hand- -Mizing—When hand- mixing is authorized by the Engineer it 
cate shall be done on a water-tight platform. The cement and fine aggregate shall — 
vem first be n mixed dry ‘until the whole is of a ‘uniform color. The water and coarse pore: y 
By aggregate shall then be added and the entire mass turned at least three (3) < 
times, or until a homogeneous mixture of the required consistency is obtained. 
8h —Retempering. —The retempering of concrete or mortar which has ile 


rdened, that is, remixing with or without additional ‘ageregate, or 
: water, will not be permitted. 


“wus 
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FOR AND REINFORCED CONCRETE [ Paper 


a 


beginning a run of concrete, hardened concrete 
- foreign ‘materials shall be removed from the inner surfaces of the n inixing's a 


 86.—A pproval Before depositing | concrete, débris shall be removed fn 


he space to be occupied by the conerete; forms shall be thoroughly wet 


in freezing weather), or oiled. Reinforcement shall be thorough 


gecuped in position and approved by the Engineer. ak tema 


_ 87.—Handling.—Concrete shall be handled from the mixer to the place: 


deposit. as rapidly as practicable by methods which prevent the separati 

or - loss of the ingredients. Es It shall be deposited i in the e forms as as nearly as pn 

- ticable j in its final position to avoid rehandling. It shall be so deposited as t 
nm maintain until the completion of the unit, % a plastic surface approximately hor 

Forms for walls or other | thin sections of considerable height shall 


provided with | or other devices, that will permit the concrete ‘tol 


‘The angle of the with the shall such | as to allow he conerel 
to flow without ‘separation of the _ingredients.* delivery end of the chu 


‘shall be as close as possible. to the point of ‘deposit. Ww hen . the operation i is i 
_ termittent, the spout. shall discharge into a hopper. - The chute shall be tho 


az ‘oughly f flushed with water before and after each run; the water used for thi 
a at 8 9.—Compacting.- —Concrete, during and immediately after depositing, shi 
be thoroughly compacted by means of ¢ suitable tools. For thin walls or iI 


i accessible portions of the forms, where rodding or forking i is impracticable, t 
concrete shall be assisted into place by tapping or hammering the forms d 


posite the freshly deposited. conerete, -'The conerete shall be thoroughly work 


: around the reinforcement, and around embedded fixtures, and into the come 


Removal of. Water. —Water shall be removed from excavations befi 
concrete is deposited, unless otherwise directed by. the Engineer, “Any 


water “into the excavation shall be diverted through proper -side- drains to 


eh sump, or ‘be - remoy ed by other approved methods which will avoid washing il 


a freshly deposited concrete. _ Water vent pipes and drains shall be filled by gral 
ing, or otherwise, a after the conerete has thoroughly hardened. 
a 41. —Protection. —Exposed surfaces of conerete shall be protected from } 


"mature drying for. a period of at least seven (1) days after being deposité 


: * An angle of 27°, or one vertical to two horizontal, is the minimum slope whit! 
: aly permissible. Chuting through a vertical pipe is satisfactory when the 10 


end of the pipe is maintained as nearly as practicable, to aoees ‘surtace of deposit and | 


‘ 
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Papers.) SPECIF ICATIONS FOR CONCRETE AND REINFORCED co 


—Temperature of Concrete.— —Conerete when deposited shall have a tem- 
perature of not less than 40° Fahr., nor more than 120° Fahr. . In freezing 
weather suitable means shall be. e provided for maintaining the concrete at a 


temperature of at least 50° Fahr. for not less than 72 hours after placing, or 
until the concrete has thoroughly hardened. — The ‘methods of heating the | mate- ; 


tials and protecting the concrete shall be approved by the Engineer. — Salt, 
chemicals, or other foreign materials | shall not be mixed with, the « concrete for 
the purpose of preven ‘ 1 
'3.—Depositing Continuously. —Concrete shall be 


and as rapidly as practicable until. the unit of operation, approved by the 
Li Engineer, is completed. | Construction joints at points not provided for in. the 


plans shall be made i in accordance with the provisions in Section 69. 
—Bonding.—Before depositing new concrete on or against -conerete 


_ which has set, the forms shall be re-tightened, the surface « of the set concrete ‘" 
- shall be roughened as required by the Engineer, thoroughly | cleaned of foreign | 
matter and laitance, and. saturated with water. new conerete ‘placed 


contact with hardened | or partly, hardened shall contain: an excess of. 


mortar to insure bond. 
and the newly 


of, the hardened concrete, Golelion: vertical and inclined surfaces, shall first eo 


with a coating of neat cement grout against which the new 
‘shall be placed b before the grout has attained its initial set. isa yeedit lt to 


45, Rubble Conerete.—Rubbl e aggregate shall be thoroughly in 


the concrete. The individual stones shall not be closer to any surface | or ad- 


jacent : stone than the maximum size of the coarse aggregate plus 1 in. . Each 


ne 


P - successive layer of concrete shall be keyed i in “accordance with the provision 


—Cyclopean —Cyclopean aggregate shall “thoroughly. em- 
iy 

iss bedded i in n the ‘concrete; n ‘no stone shall be closer to a finished surface than 1 1 ft., 2 


Unper Water* 
47 —General.—The methods, equipment, and materials’ to be used shall be 


z submitted to and be pproved by the Engineer before the work is started. Con- 
Ph crete shall be deposited by a method that will prevent: the washing of the cement 


VEL Oy ar 


“from the mixture, minimize ‘the formation ‘of laitanee, and avoid flow of water 


until ‘the conerete has fully | hardened. Concrete. shall be so as to mini-_ 
ze ‘segregation of materials, Concrete sh shall. not be ‘placed 


temperature below 35° Fahr. 


ag * Concrete should not be deposited under water if practicable to deposit in air. There oad 
4s always uncertainty as to results obtained from piacing concrete under water. - ‘Where con-— 
ditions permit, the additional expense and delay of avoiding this method will be warranted. 
It is especially important that the aggregate be free from loam and other material which 

May cause laitance. Washed ‘aggregates are preferable. Coarse aggregate consisting of 

washed gravel of a somewhat smaller size than that used in open-air concrete work will 

- give best results. Concrete should never be deposited under water without experienced 
supervision. Many failures, especially of structures in ew cau be traced directly to ms 
of methods or lac lack of expert ‘supervision. 
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ATIONS) FOR CONCRETE AND REINFORCED CONCRETE 


—Conerete to be deposited ‘under water shall contain 13 
a f Dbl. (7 bags) or more of Portland cement per cubic yard of concrete in na 


Be 49.— Coffer- Dams. —Coffer- dams shall be sufficiently tight to prevent flow of | 


- _ water through the space in which the concrete is to be deposited. Pumping will 
be permitted concrete is being deposited, nor until it has" 


—Depositing —Concrete shall be deposited continuously, 


water, or to the required height. shall be carried on with’ 
rapidity to prevent the formation of layers. pen abi 


ethod.— The following ‘method* shall for 


Tremie. —The tremie shall be water-t tight and sufficiently. large. to permit 

a free flow of « concrete. It shall be kept filled} at all times ‘during depositing. 

at The concrete shall be discharged and spread by raising the tremie in such man-— 


‘as'to maintain as nearly as practicable. a uniform flow and avoid dropping 
E the conerete through water. If the charge i is lost during depositing the tremie 


be withdrawn and refilled. OT bited ofgeni oF 


7 Bo Drop- ‘Bottom Bucket. —The bucket shall be of a type that ¢ cannot be dumped 


until it rests on the sur 


bottom doors when tripped shall “open freely downward and outward. top 


of the bucket shall be open. The bucket shall be completely filled, ‘and slowly _ 
lowered to avoid back- -wash. ; When discharged, the bucket shall be withdrawn | 


slowly until well above the concrete. ‘senate rs te on 
mr Bags.—Bags of jute or other coarse cloth shall be filled “pbout two- thins 


(8) full of concrete and ‘carefully placed by hand in a header-and- -stretcher 7 
system so that the whole mass is interlocked. 


; 2.—Laitance. —Great care | shall be exercised to disturb the conerete as little 
as possible | when it is being deposited in order to avoid the formation 0 a 


laitance. On completing a section of concrete, the laitance shall be 
removed before work is ied 


win re? 


53. —General.— -Forms shall conform wf the shape, lines, ‘and dimensions of 
‘the conerete as called for on the plans. Lumber used i in forms for exposed die 


- faces shall be dressed toa uniform thickness, and shall be free from loose knots 
or other defects. ‘Joints in forms shall be horizontal or vertical. For un- 
3 exposed surfaces ana rough work undressed lumber may be used. 1 Lumber once 


used i in. forms shell have nails withdrawn and surfaces ‘to be in contact on 


conerete thoroughly cleaned before being used again. sd Jaa binads * 


F ou * The Engineer must strike out the method or methods not applicable to the work. Oa 
ss # "The tremie may be filled by one of the following methods: (1) Place the lower end 

. a box partly filled with concrete, so as to seal the bottom, then. lower into position; — 

2 plug the tremie with. cloth sacks or other material, which ‘will be forced down as the 


pipe is concrete; (3) plug the of the tremie with cloth. sacks led Ww 


| 
! 
i 
4 
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84.—Designi— shall be substantial anfficiently. to prevent 
leakage of mortar; they shall be properly braced or tied together so as to main- 
tain position and shape. ‘if adequate foundation. for shores cannot be 
——Workmanship.— —Bolts and rods shall preferably be used for internal 
ties; they ‘shall be so arranged that when. the forms are ‘removed no metal 
‘shall be within 1 in. of any surface. . Wire ties will be permitted only on light 
t and unimportant work; they shall not bev used through s1 surfaces where discolora- 
tion would be objectionable. ‘Shores supporting successive stories shall be 
placed directly over those. below, or so designed that the load will be transmitted - 7 
sdimaily to them. Forms shall be set to line and grade and so constructed and | 
‘ fastened as to produce true lines. ’ Special care shall be used to prevent bulging. — 
—Mouldings. —Unless otherwise specified suitable mouldings or 
shall be placed in the angles of forms 
cE «BT. —Oiling. - —The inside of forms shall be coated with non-staining mineral — 
or other ‘approved ‘Inaterial, or thoroughly wetted (except in freezing 
weather). here i is used, it shall be applied | before the reinforcement is 
68) —Inspection.— —Temporary openings ‘shall be provided at. the of 
- column and wall forms and at other points where necessary to facilitate 


cleaning: and inspection immediately before. depositing concrete. 


whe 59.—Removal.- —Forms shall not be disturbed until the concrete has ade- i” 


"quately hardened.* — Shoring shall not be removed until the member. has ac- 
quired s sufficient strength to support safely its weight | and the load on it. 
_ Members ‘subject to additional loads during construction shall be adequately i 1 
shored to support. both the member and construction loads in such a manner as 
will p protect the member from damage by the loads; this shoring shall not be 
removed until the | member has acquired sufficient strength to safely 


its weight and: the | load on it. ‘ers 


« 


ort os 


Consrevonon 


60, —Cleaning. Metal reinforeement, being positioned, shall be 


cleaned of mill and rust scale of coatings that will destroy. or 
4 jected. “Where there is delay in depositing concrete, reinforcement shall be 


teduce the bond. Reinforcement appreciably reduced section shall be 
wn —Bending. —Reinforcement shall be carefully formed to tle dimensions 


“indicated ¢ on ‘the plans, or as provided in Section 140. Cold bends shall be made bx Js 
: a pin having a ‘diameter of four (4) or more times the least dimension 


ions oft the reinforcement bars for steel of structural grade and eight (8) or more 
with times th yf intermediate or hard grade. 
*Many conditions affect the hardening of concrete, and the proper time for the re- 
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62. —Straightening. —Metal reinforcement shall not bent or 


in a manner t that will injure the material. Bars with kinks or bends not. shown 
shall not be used. Heating of reinforcement will permitted 


when the entire operation is 3 approved by the Engineer. 
- —Placing- —Metal ‘reinforcement shall be accurately positioned, and P 


7 “secured against displacement by using annealed iron wire of not less than No. t 


618 gauge, or suitable clips at intersections, and shall be : supported by concrete 
or metal chairs or spacers, or metal hangers. ~The minimum clear distance 


between parallel bars be « one and one-half times the: diameter of 


the diameter of round or to the diagonal of ‘square bars, 
but i in no case shall the spacing between bars be less. than 1 in., nor less” than 
“one and one- quarter (14) times the maximum size of the: coarse” aggregate. 
: : Bars p parallel to 1 the face of any y member s shall be embedded a clear distance of 


made at pointe maximum stress without the approval of the 
- Splices, | where permitted, shall prov ide sufficient | lap to transfer the stress 
~ between bars by b bond and shear. In such splices the bars shall be placed at the 


minimum distance > specified i in Section 63; adjacent bars shall not be spliced 


haga Hie Spices i in columns, piers, and struts ‘shall provide sufficient lap to transfer 


Ai —Offsets in Reinforcement of Compression Members.—Where changes 
in| the cross-section of a compression member oceur, the longitudinal reinforce- 
ment bars shall be sloped for the full length of the member, or offset in a region 
where lateral support is afforded. Where offset, the slope of the inclined portion 
From the axis of the member shall not be more than 1 in 6. ott Aide bow a Be 
66. Future Bonding. —Exposed r reinforcement bars inten intended for bonding 
- future extensions shall be } protected. from corrosion. 


Moisture Protection.— —Metal reinforcement wall footings and 
footings : shall have a minimum covering of 2 3 ‘in. of of concrete. At surfaces 


7 Poa oat concrete exposed to the weather, metal reinforcement shall be protected by 


less than 2 in. of concrete. baw filter 
68.—Fire Protection. —Metal reinforcement in fire-resistive construction 
shall be 3 protected by not less than 1 in. of concrete in slabs and walls, and not 


Tess than 2 in. in beams, girders, and columns, provided aggregate showing al 


vee 


M expansion 1 not materially greater than that of limestone or trap- -rock is used; 3 
when impracticable to , obtain aggregate of this grade, the protective covering 
7 shall be 1 in. thicker and shall be reinforced. with metal. mesh, having openings 


not, exceeding 3 in., placed.1 in. from the finished surface. 


a xr In structures iano the fire hazard i is limited, the metal reinforcement shall 
not be. Placed nearer the surface than in. in slabs and malls or in. 
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Papers. 1 _ SPECIFICATIO} ATIONS FOR CONCRETE AND ) REINFORCED CONCRETE 
69. —Gener al.— —Joints not indicated on the Plans, shall be. so designed and 


lented as least to impair ‘the strength and appearance of the structure. — 


prevent. laitance in ‘horizontal joints, excess water shall be removed from the 


surface ‘forming the joint after depositing the ‘concrete. bi ‘Surfaces of contact 
at 
shall be cleaned and wetted before depositing i is resumed, and any laitance shall 


be removed. Where resistance to horizontal shear is ‘required, stones 
shall be partly. embedded in such a manner as to key with con- 


} wo 
erete ; or mortices or keys shall be formed in the conerete. 


if 40. —Columns.—Joints in ‘columns shall be made at the wld side of the | 
feov. Hannchee: and column | capitals shall be considered as ‘part of, and to act’ 7 
continuous with the floor. t At least two (2) hours must elapse after depositing © 


concrete in the columns, or walls, before depositing i in beams, girders, or slabs. 


~~ Th —Floors.- —Construction joints in floors: shall be located near the middle . 

of span of slabs, or cinders, | beam intersects a girder at thie 


twice the width of the beam. provision for shear 

use of ‘inclined reinforeement. by 

—Construction Joints in Long Buildings —Construetion joints made 


-eross-wise of a ‘building 100 ft. or more in length, ‘shall have special reinforce 


‘each side of the joint, strength of the by bond. This 
‘reinforcement shall be near r the opposite face the member from the 


‘shall be not less than 0.5% of the of the cut by the joint. 

BS -- —Expansion Joints. —Expansion joints shall be so detailed that the nec- 

essary movement may occur with minimum resistance at the joint. 


structure adjacent to the joint shall préferably be supported on 
-umns or walls. Reinforcement shall not extend across an expansion joint; the - 
break between the two sections shall be complete. i: _ Exposed edges of expansion a 


‘joints. in walls or abutments shall be rounded. Exposed expansion joints 
between two distinct concrete members shall be filled with an elastic joint filler jin 


approved quality, tory od 


—Ezpansion Joints m Long Buildings. exceeding 200 iin 
length and of width less than about one- -half (4) the length, shall be divided 
by means of expansion joints, located near the ‘middle, but not more than 200 


10t mo) 
, apart, to minimize the destructive effects of temperature changes and shrink- 
Age, Where there is an abrupt change in the width of a building, 


_ —Sliding Joints.—The seat of sliding joints shall be finished to a smooth 
aaa surface and allowed to harden. Two thicknesses of building paper shall 


be placed’ on the seat before depositing superimposed concrete. 

“© A coating! of white lead and ‘oil, asphalt paint, petrolatum, or water-proofed building 

“paper placed’ ‘over the entire surface of the hardened concrete, is commonly used for this 


Sheet zinc, lead, and bronze are also used for this purpose. i 


4 
[ Papers. — 
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a 
quired t be tight the method of uction shall be as 


cons 
a aad keyway in the lower portion of concrete before the conerete has hard. 


AE 


. gl cks ened. Before | placing the superimposed conerete, the joint shall be thor 


oughly cleaned of laitance: or other foreign material, saturated with 


4 


shall be placed in such a manner as will ‘insure an excess of mortar. 


over the entire ‘surface of the joint, 
Vertical joints shall be made by 


8 ‘Seepage water shall be collected and drained the ‘Te 


quired, vent pipes s ‘shall | be closed after the | conerete has - thoroughly hardened* 


= 


—General.- —Conerete required to be water- tight shall be ma made w with striet 
specifications regar rding the choice of mate 


ship. 
8, ntegral Compounds. —Integral « compounds shall not be used ‘water 
unless specifically authorized by the Engineer. tater 
4 79.— —Water- tight Joints.— See Section 76. dour if 


-Oil-Proofing: containers for. light mineral oils, animal oils, 

r . r certain vegetable oils, and other commercial liquids shall be given an inside 
“Gale 

_ j coating which shall be applied before the container is placed in service ; the 

@oating and the method of application shall be approved by ‘the Engineer} 

4 Floors or other surfaces exposed to hinty concentr atio ns of sioti oils or eae 


shall be similarly protected. nap 


- * To secure water-tight joints it is vitally essential that all incoming water be drained 
from behind the forms during the process of concreting. If the upper portion of the joint 
is concreted first, a metal water- stop should be provided as directed by the Engineer. 


«+ "The effect of certain oils and other liquids on concrete and surface treatments which 
_ have been found beneficial are given in Appears oft of 
-.. Concrete containers for mineral oils of 30° Baumé and lighter should be given a coating 

_ which will not be affected or penetrated by mineral spirits. Coatings containing ingredients 
which saponify or oxidize in the presence of lime — be applied only to a surface which ae 
previously been treated to neutralize the lime. 4 
‘TOO Concrete ‘containers for mineral oils heavier than. 30° Baumé require no coating. _— 


_ Certain vegetable and animal oils and strong acids and alkaline | solutions have & 
- destructive effect on concrete and some protective treatment is required. 


+= 


Several vegetable 
ils have a disintegrating effect on concrete in cases where the surface is alternately wet and 


ary, yet when stored in closed concrete containers have no injurious action. a 
_ Concrete containers, for commercial liquids involve certain special features. in addition © 


; to the general requirements of good concrete. Containers for such liquids often have thin 
_ sections, therefore a rich mixture is necessary to obtain concrete of proper workability with- 


out sacrificing strength and impermeability; it is especially necessary to eliminate joints or 


seams ; thorough spading is ene and should be continuous curmg the ae of concrete. 


(a) Horizontal joints | shall be constructed by forming a continuous 


“al _ water, and coated with neat cement grout. ‘The superimposed eomeree 
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pers ‘SPECIFICATIONS FOR CONCRETE AN 


to 2 2 ft above high water, or from a plane below to a plane. above. wave action, 


shall contain a minimum of 12 bbl. (7 bags) of Portland cement p per cubic yard ; 
in place, Other plain concrete in sea water or exposed directly along the sea — py ah - 


coast shall contain a minimum of 13 bbl. (6 bags) of alge nemeah Der 


inuous 


= 


~ Depositing aot be allowed come in ‘contact. with 


concrete until it has hardened for at least four (4) days. . Concrete shall be + 


in such a manner‘as to minimize the number of horizontal or inclined 


seams or work planes. The placing of concrete between tides shall be a com 
tinuous operation, in accordance with the methods described ino Section 43; 


where it is impossible to avoid seams or joints proceed as in Section 44. ~ Con- 
|| 


rete shall be deposited in s sea water only when 80 directed by the an 


in which case it shall be placed in accordance with the methods described in 


ae —Protection. —Metal reinforcement shall be placed at least: 3 in. from 
any plane or or curved surface except at corners when it shall be at least 4 in. 
from adjacent surfaces. Metal chairs, supports or ties shall not extend to the 


surface of the concrete. _ Where unusually severe conditions of abrasion are ‘ 
anticipated, ‘the face of the concrete from 2 ft. below low 1 water to 2 ft. hore 


high water, or from a plane below to a plane above wave action, ‘shall be pro- pm 
tected by creosoted timber, dense vitrified shale brick, stone of ‘suitable 


quality, ¢ as. designated on the plans or as ‘required by the Engineer. Tor 


_—ConorETE In ALKALI Sorts OR ‘Waters* in 7 


ortions.—Concrete in alkali waters or below the | round- line wi 
P 


alt soils shall contain a minimum ‘of 12 bbl. (7 bags) of Portland ‘cement ‘e 


86, —Consistenc —The consistency of conerete in alkali ‘soils or shall 
be such as to meet the requirements of Section 30. 


, 8F. —Placing. —Conerete shall be placed in such a manner as to minimize the | 
number of horizontal or inclined seams, or work planes. ee 


—Protection. —Metal reinforcement or other -corrodible metal shall not 
iit 


be placed closer than 2 in. to the surface of members exposed to alkali soils or 


_. *Under certain circumstances concrete is _ attacked — by alkaline waters. The term 
“alkali” is here used to designate the soluble salts which occur in considerable quantities in 
the soils and waters of certain Western States; the sulphates, chlorides, and carbonates ff 
sodium and magnesium are the most common forms 
_ It is important to distinguish between the different forms of alkali. which occur in 
Nature. Experience and tests have shown that certain forms are more injurious than others; ‘a 7 
» the ‘chlorides and carbonates produce little or no injury to concrete. © = | | > 
1 _ Special care must be used in placing concrete where it will be exposed to sulphate — ; 
» Waters. An impermeable concrete made with a durable aggregate is necessary. Concrete 
should be permitted to harden under favorable conditions before it is exposed to injurious 
Sales, and wherever practicable such concrete should be made in the form of. | precast — 
Tt Where the foundations of important buildings or similar structures are subject to high 
ometnratons of alkalies, under-drainage may be used as an added 
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alias - In foundations and in heavy structures the m 


be placed than 3 in. from the surface. 
88. —General —The requirements in ‘these. specifications applying to 


— to mixing, conveying, depositing, and finishing concrete, shall be followed 


whole of | a showing face between prescribed construction joints shal 


cast in one continuous’ operation. Construction joints, when - not shown 01 
= 


The same brand of. cement, and the same kind size of -ageregate, ‘shall 


be: used | throughout the whole of any showing face. sun 
aig - For showing faces the forms shall be smooth and | water- tight. ee 4 wood d be 
used, the boards shall be planed, grooved, and tongued, evenly, matched, ‘and 
tightly placed. _ They shall be so constructed as to be removable in sections by 

_ unscrewing or otherwise loosening them without hammering or or prying agains 


ony Any offsets in the forms: that may occur shall be smoothly dressed 
yj ond any openings — flush with al ease or plaster a of Paris in order to 


secure at ‘the a uniform distribution of ‘the aggregates, freedom from oi 
spaces, and uniform texture. oan the finish is required to be one e that will expose 
the coarse aggregate, by either scrubbing, tooling, sand-blasting, or acid treat: 
ment, then after | the full’ surface of mortar has been worked against: the form 


and a a | uniform texture after the aggregate is 


Face. forms shall be. removed as soon as practicable in order to facilitate 


effective repair of void spaces or broken corners, before the surface has dried. 
Care shall be taken to avoid ronshening or injuring corners, and to keep edges 


s shall be 


carefully removed, and offsets leveled, and ‘any voids or peanrg laces shall 


fmmertigth be saturated with water and filled with a mixture of the game 


means of a wooden spatula or float. “A steel trowel shall not be used to ‘ini 
surface. The face shall be finished free from streaks, discolorations, or 


Ree imperfections. Plastering will not be permitted. 


_ Where a surface of mortar is to be the basis of the finish Kechepeadbeatl 

: “gate shall be worked back from the form with a suitable. tool, 80 as to bring 

a full surface of mortar against the form, ca: care 2 being taken to prevent the form 


tion: of voids and air- -pockets. bitode doe aseatadw bas . 
‘2. __..® The Engineer should indicate on the plans the type of finish desired and must strike 
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SPECIFICATIONS FOR (CONCRETE AND REINFORCED CONC 
Whenever - forms are removed from s showing faces before e the conerete has — 
= hard and dry, the surface of the concrete, shall be immediately wetted 


and kept wet for at least three (3) days. (0) 


90.— -Granolithic Surfaces. —Granolithic surfaces hell. be made by placing 


about 1 in. of facing concrete against the face form in ‘advance of the concrete, 
of such | consistency a: and in such a manner as will ; insure its bonding with nthe 


The facing concrete be of 1 of Portland cement, 14 


parts of fine aggregate, and 23 parts of coarse aggregate 1 made up of pebbles, — 
crushed granite, or other stone as called for. flow baavon bus 


x _ If iron or wooden moulds are used to retain the facing against the home 
_ while placing concrete, care should be taken that the mould is not permitted | a 
“to remain until initial setting occurs. — The moulds shall be jarred frequently q 


and raised at short intervals to prevent formation of seams and air spaces 

91 —Top Surfaces not Subject to Wear —Top surfaces not subject to wear 


= be smoothed with a wood float and be kept wet for at least ‘seven (1d days. " 


or any water that. comes to. the Dry 


cement, ora dry mixture of and sand, shall not be 


ration wit to combine odd todit 
oh Course Work. —Ageregates for the wearing shall have. 
high resistance to abrasion, and shall be screened and when necessary thor 
oughly washed. least quantity of mixing water that will produce a dense 
eonerete ‘shall: be used. The mix shall not be leaner than 1 part of Portland 
cement and 23 parts | ‘of The surface shall be ‘even and 
finished with a wood float. Ex 
dried 93.—T wo- Combes Work.—The ¥ wearing ‘surface in two-course work shall be 
sd within one- -half (4) hour after the base course, Where the wearing sur- 
face is ‘required to be applied to a hardened base course, the latter shall be. i 
shall be prepared. by roughening with a pick or other effective tool. ‘The roughened — 
es shill surface 8 shall be thoroughly saturated with water and covered with a thin layer 4 - 
* of neat cement paste immediately before the wearing surface is placed.” 


Curing. —Concrete wearing surfaces made in accordance with 


ae — 92 to 93 shall be kept wet* for at least ten (10) ‘days ° in the case of floors and a 

-one (21) days in the case of roads and pavements. 
t—Terrazzo Finish —Terrazzo f finish ‘shall be made by mixing part 


cement, OR parts of crushed marble, or other stone or crushed pebbles, as may 
“ealled for nd the and sufficient water to produce dense concrete. 


of during the early hardening of concrete is essential 
_ to the development of high resistance to abrasion. The surface may be covered with.a layer 
of burlap, earth, or sand, kept wet, or it may be divided into small areas by dikes - 
‘ t _ Engineer must strike out one of the Sections 95, PP. 1185 and 1186, =u 6 : 
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mortar, made from this special aggregate, of 1 “part of cement, 14 parts” of 


> 


ay 


‘of 1 in. by patting or - rolling and The’ marble shall ‘pass 


-in. clic and be free from. dust. - The surface shall be kept v wet for not less 7 


or a surfacing ‘machine. Hardened conerete to “Which finish 


is to be applied shall be prepared as prescribed in Section 93. to 


*_Terrazzo Finish. —Terrazzo finish shall be made by mixing 1 part of 


“cement, parts of sand, and sufficient water to a plastic mortar, which 


. shall be spread on the base course to a depth of 1 in. - Crushed marble, free 


- from dust and passing a }-in. screen, shall be sprinkled | over the surface of the — 
fresh mortar, and pressed or rolled in. The surface shall be kept wet for not © q 


— than ten (28) days and after curing shall be rubbed to a plane ‘surface _ 


with a stone or a surfacing machine. Hardened concrete to which a terrazzo 2 


finish is to be applied shall be prepared as prescribed in Section 93. cibarerere 


shall be wetted and. rubbed with a carborundum brick ‘or other abrasive 

even and smooth and of uniform appearance, without applying a any 


_ 96.—Rubbed Finish—Immediately after the forms are removed, the ei 


97: —Serubbed Finish. —The forms must be removed and the scrubbing 
- done before the concrete has hardened. + ‘The sur surface shall be scrubbed with a : 
_ fiber or wire brushes using water freely, 1 until the surface film of mortar is 
removed : and the aggregate uniformly exposed ; then 1 rinsed with clean water. 
2 portions of the surface shave become too hard to serub in n equal relief, dilute 
~ hydro- -chloric acid (1 part acid to 4 parts water). may. be used to facilitate the — 
scrubbing. _ The remaining acid shall be thoroughly removed with clean water. — 
98. —Sand- Blast Finish —tThe concrete face shall be. permitted to attain 
: an intermediate degree of hardness; it shall then be air-blasted w ith hard sand 
a until the aggregate is in uniform relief boow 
99.—T ooled Finish— —The surface shall be permitted to become dry and 
hard, and then dressed with tools, as called for,t to sanitorm texture and even | 
al 100. —Band- forms shall be removed before. the | 


an rete ‘shall be exposed by scrubbing as provided in Section’ 97. Facing 


) — nd, and 3 parts of pebbles or screenings, clean - and free from dust, shall be aS 


the concrete to prevent the latter coming in 1 contact ith ‘the form. 
aig  102.—Colored Pigment Finish. —Mineral pigment shall be thoroughly mixed 

dry with the cement and fine aggregate; care shall be taken to secure a uniform fa a 


The Engineer must strike out one of the Sections 95, pp. 1185 and 1186. 
warm weather this” will from 6 to 24 hours, and ir in cold. weather trom 


By axing, rough or fne or bush- 
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SPROTPIOATIONS FOR CON( RE TE AND REINFORCED CONCRETE 


= 


103. —General —The a ‘concrete members 


“under these ‘specifications shall be based on the e following assumptions: 


(a) Calculations are with to working stresses and safe 4 
rather than with reference to ultimate strength and ultimate loads. wey 


_ (dd) The moduli of elasticity of concrete in computations for thé position « of 
the neutral | axis, for the resisting moment of beams, and for. compression of 
concrete in columns, are as follows: 


-One- fifteenth (#;) that of ‘steel, the compressive strength 


e the concrete at 28 days euccods 1500 and does not exceed 2200 Ib. ( 


9. .—One- -twelfth that of steel, 1 when the compressive strength of 
— at ‘exceeds 2 200 does not exceed 900 ‘Tb. . per 


concrete at is greater t than 2 900 Ib. per sq. 


(e) In calculating the moment of resistance of reinforced 


slabs the tensile resistance of the concrete is neglected. 


(f) The bond between the concrete and the metal reinforcement remains 


_ broken throughout - the r range of working stresses . Under compression the two 


_ materials are are therefore stressed in proportion of their moduli of « elasticity. ne | 
005 ; (g) Initial stress in the reinforcement due to contraction or expansion . of “4 

concrete is neglected, except in the design of reinforced. concrete columns.’ 


FLExure or F REINFORCED ConcreTE Beams AND SLABS 


Formulas. of flexure i in reinforced 
-eonerete beams and slabs shall be based on the following formulas: = 


swollot 


to 


70 GT HOG set lo od im = _ 
al Formula (48) for the permissible compressive stress in reinforced concrete ‘tudinal 
takes into account the effect of shrinkage in the concrete on the stress in the longitudinal 
reinforcement. It is not required, however, that the designer cqnsider shrinkage stresses in 
columns, except through the use of that formula, 
te he: t For fs = 16 000 to 18 000 lb. per sq. in. and. f, = 800 to 900 Ib. per sq. in.,j may be assumed as V4 
‘or lues of p n varying from 0.04 to 0.24, k is approximately equal to 0, 67 Vpn 
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unit xtre: 


BY iy 
~ 
Por formulas on shear and bond, see Sections 121 to 127 and 135 to 131. 


oO? 


Position. of neutral axis, 


kd. 


d 


“Pensile unit stress in reinforcement, 


v 


105. —Notation.— —The “The symbolst used in 1 Formulas to are re defined as 


follows: 


7 
i 
x 


Go 


; b= = width of rectangular beam or width of flange of T-beam ; 


d= = depth from’ compression ‘surface of ‘beam or slab to 


longitudinal tension reinforcement; 
‘depth, from compression of beam or. to ‘center 


16 000 ‘to 18 Ib. per sq in. and'f, = 800 to 900 lb. per sq. in., j may be assumed 
values of pn varying’ from ©: .04 to 0: k approximately equal to 0. 
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SPECIFICATIONS FOR CONCRETE AND REIN FORCED CONCRETE 


fte= = compressive unit stress in extreme fiber.of concrete; itt at fy) 
be = = tensile unit stress in longitudinal reinforcement; 


compressive unit stress in longitudinal reinforcement; 


moment of inertia of a section about the neutral axis for bending 


js j= - ratio of lever arm of resisting couple to depth, d; 
by = ratio ‘of depth of neutral axis to depth, d; 


= span length of beam or slab (generally distance f from center to 


‘Ma = allies moment or moment of resistance in general; 
; ratio of modulus of elasticity of steel to ) that of concrete; 7 
5 = = ratio of effective area of tension reinforcement to 0 effective a area 
of concrete | in beams = =— 


p= ‘ratio of effective area of. compression reinforcement to aan 

w= uniformly distributed load per. unit of length of beam or slab; é 
z = depth from compression surface of beam or slab of resultant of. 


—Span Length. —The span Yength) freely wepported ‘and 
‘slabs shall be the distance between | centers of the supports, but shall not exceed x 4 
the clear span plus the depth of beam or slab. The span length for continuous 
or restrained beams built to act integrally with supports | shall be the clear dis- 


- the width of the beam and making : an angle of 45° or more with the horizontal — 
q axis of a restrained beam are built to act integrally with the beam and support, . 
the span shall be measured from’ the section where the combined depth of the 
= and bracket is at least one- third Qa) more than. the depth of the beam, — 7 

but no portion of such a bracket shall be considered as adding to the effective _ 


depth of the beam. Maximum negative moments are to be as 


existing at the ends of the span, as defined 
_ 107.—Slightly Restrained Beams of Equal Span.—Beams and slabs of equal — 


spans built to act t integrally with beams, girders, or other slightly restraining 


supports and « carrying. uniformly distributed loads shall be designed for ‘the 


@) Beams and slabs of one 


Maximum positive moment near center, 
" 9 of 10 to has og to hat 


Me 


yitstxe oi te vent lo ase 


over 1 interior — 


_tanee between faces of ‘supports. Where brackets having a ‘width not less. than 


Papers 
3) 
ir (4) | 
| 
o | 
(6) 
(9) 
= 
bageveds sacutles 3 
Maxime 


Beams and slabs continuous for § more than two spans, A 


i Maximum positive moment near center and negative moment at 


—Maximum. positive moment near centers of end ‘spans ar apd 


tds Ti oy 


@ at end 


p act 
108 —Beams Built Brick or ‘Walls. butt 


3 into brick or masonry walls in a manner which develops partial en nd restraint — : 


shall be designed for a negative moment at the support of, Gece ny 


109 Supported Beams of. of Equal Span. —Beams and slabs of, 


Hit 


_— spans freely supported and assumed to carry uniformly distributed loads shall 


designed for the moments specified in Section 107, except | that no reinforce-— 
: ment for negative moment need be provided at end supports where effective . 
_ Measures are taken to. prevent end restraint. 7 The ‘span shall be taken as defined 


dy 


“assumed to carry uniformly distributed loads, shall, be designed (except as 
provide in Section 107) for the following moments at critical 


MoU 


—Negative moment at interior supports except the first, 


built to act integrally with columns, walls, or other restraining supports and | 


nt 


we 


PA ie (b) ‘End s spans of continuous beams and beams of one span in which — is 


less than twice the sum of the v: aban of — for the exterior , columns above and 


below which are built intothe beams: 


—Maximum positive moment near center of span and negative ~ 


‘moment at first interior s supports, Be. | 


110. —Restrained Beams of Equal Span— Beams and slabs of equal span | 


per 
an 
| 
r Uases (a), (0), and (c) 0 
ty orate q ‘ 
7 
| 
{ 
| 
positive moment near centers of interior spans, §& 
q | 
q 
3 L 
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— 


equal to or greater than twice the sum of the values of — for the exterior col-— 


umns above and below which are built into the. beam : bis bi 


= 


z at lobiveny 9 @ 2) 
f —~Continuous Beams of Unequal Spans or with Non- Uniform 
da ib apus 
‘Continuous beams with ‘unequal spans, or with other than uniformly dis- 


tributed loading, ‘whether freely ‘supported or r restrained, be: design ed for 


_ the actual moments under the conditions of loading and restraint. she cai 


‘Provision shall be ‘made where necessary for negative moment near 


Z center” of short spans s which are adjacent to long sp spans, and for the negative — 


| 
at the end supports, if restrained. a OLE 


“112. 2.—Unsupported Flange Length. —The « distance between lateral supports, 


r the ¢ compression area of a beam shall not exceed twenty-four (24) times the 


Teast width of Compression Gite on) Unde bie 

C.—FLExure oF REINFORCED Concerts T- “Beams AL tou 


113. —Flexure Formulas as.—Computations of flexure in reinforced concrete 


beams shall be based on the following formulas: 
‘oF v! 


N eutral Axis in the Flange: iM 


formulas for rectangular beams and slabs in Section 104. 


2kd—t 
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, (26), (27), and (28) neglect ¢ compression in the stem.* 
114.— -Notation—T he symbolst used in Formulas (24), to o (28) dre defi 
ors = thickness of of T-beam. ere 
15. —Flange ge W idth.— —Effective and adequate and shear resistance 
shall be provided in beam-and-slab construction at the junction of the beam 
and slab ; the slab shall be built and considered an integral part of te heater 
the effective flange width to be used in design of symmetrical T- beams 
a shall not exceed one-fourth (4) of the s span length of the beam, and its over- — 
hanging” width on either side of the web ‘shall not exceed eight (8) times the — 
_ thickness of the slab nor one- -half (2). the clear distance to the next beam. 7 
For beams having a flange on. one side only, the effective flange width to. 
be used in design ‘shall “not exceed | one- -tenth (0) of the span length of the 
beam, and ov erhanging | width from the face of. the web shall not exceed 


2 ‘Six (6) times t the thickness of the slab nor one- -half. @) the clear distance to 


—T ransverse Reinforcement. .—Where the principal slab reinforcement 
is, arallel to the beam, transverse reinforcement, not less in amount. than 
\y 


0. 3% ‘of the sectional area of the slab, shall be provided i in the top of the slab 


and shall extend across the beam and into the slab not less than two- thirds (3) 


of the width of the The spacing ‘of the bars shall 


118. —Shear. —T he toes of the beam shall not be considered as effective FY 

in n computing the shear and diagonal tension of T-beams. 

s ae... The following formulas take into account the compression in the stem; they are recom- 7 


where the flange is small compared with the stem: 


Position of resultant compression, 


to ars 


of 
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119.- —Isolated Beams- —Isolated beams, in which t ‘the T- form is used only 


for the purpose of providing ‘additional: compression area, shall have. a ‘flange 
thickness not less than one-half (4) the width of the web and a total flange — 


width not more four (4) times the web thickness. 


@ 


TEnsion AND SHEAR 


0.—N Notation —The symbols used in. to 0 (85) are 


tof at is, $,, Sor or 


Jen angle between web bars and longitudinal bars; To 
IPS: F = total tension in a bar; all} iS FELON | 


: f= fer = = ultimate compressive strength of concrete at the age of 28 days, 
Thane Hees rte based on tests of 6 by 12-in. or 8 by 16-in. cylinders made and 
tested in accordance with the: “Standard Methods of Making and 


Storing Specimens of Concrete i in the Field.” (Serial Designa- 
tion: C31- 21) of the American Society, for Testing Materials 


(Appendix and the “Tentative Methods of Making 
Compression Tests of Conerete” Serial Designation: : C39- “21T) 


of the American Society. Testing Materials 


fs = tensile unit stress in web reinforeement; 


Q= ratio of the average to the maximum ‘bond | stress computed by 
sum of perimeters of bars in one set; suit 

r= ratio cross-sectional area of negative reinforcement 
ral crosses” entirely over the column capital of a flat slab or over 
_ the dropped panel, to the total cross- -sectional area of the nega- 


tive reinforcement in the two column ‘strips; 
Be: gn = spacing - of web bars or stirrups measured at the plane of the — : 


reinforcement and ‘in the direction of the longitudinal axis of 


Nigel =thickness- of flat slab witho ut dropped panels or thickness of 


dropped panel (see Fig. 14, Appendix I); 


: thickness of flat slab with ‘dropped panels at points away from 


bond stress per unit of area of surface of bar; tle 


= total shear; 


= length of bar added for - anchorage, , including the } ‘ifa any; 


y= distance from the ] point a at which tension is computed to the cil 
of beginning of anchorage. ne 


121.— ~Formula for Shear— unit stress, | v, in reinforced con- 


n that computed by F Formula (29). 
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“al a - or T-beams, b is the width of the stem as given in Section neers. = 
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122.— —Variation « cof Shear in with Umform Load. purpose of 


= shearing resistance outils at hers end of the s span ‘shall be preset at 
the section where the computed shearing stress is zero; from that section to the 
ends of of the span the required SEE ert shall be assumed to vary 


Width of Beams in ‘Shear Computations—The shearing ‘unit stress 
- ates computed on the minimum width of rectangular beams : ae on the 


thickness of the web in beams of. or T-section. = = 


> 43 


gt 124.—Shear in Beam and Tile Construction —The width of the effectin 
Bate section for shear as governing diagonal | tension shall be assumed as the thick- 


cr ness of the concrete web plus « one- -half @) ‘the thickness of the vertical \ webs 
concrete or in with the beam. typical design, see 


7: 


= 7 


(a) V ertical stirrups or web reinforcing bars. 
h og wick 4 (b) Inclined stirrups or web reinforcing bars forming a an angle of 30 
(e) Longitudinal bars bent up at an angle o 15° or more with the | 
direction of the longitudinal bars. 


or bent-up bars which are not anchored at. both, to 

ae the provisions of f Section 141, , shall not be considered effective as web rein- 

forcement. hen the shearing stress is not greater than 0.06f,’, the distance 

ud *. ‘measured in the direction of the axis of the beam between two successive 

2 stirrups, or between two successive > points | of bending up of bars, or from the 


got point of bending up p of a bar to the edge at the support, . shall not be g greater 


in which the an 

_ When the shearing | stress is greater than 0. 06 fe" , the distance, 8, shall n not the 


greater than two- -thirds @ of the values given Formula (30). 


without Special “Anchorage of Longitudinal Reinforcement- 
- The shearing unit stress computed by. Formula (29) in beams in which the 

longitudinal reinforcement is without special anchorage shall not exceed. 


_ the values } given by Formulas (31) and (32) and in. no case shall it exeeed 
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with Anchorage of Longitudinal Reinforcement.— 
The shearing unit stress computed by Formula (29) i in beams i in which longi- - 
weal 


tudinal reinforcement is anchored by means of hooked ends or "otherwise, as 
specified in Section 1 140, shall not exceed the value given by Formulas (31) - 


| and (32), when 0.03f, is su stituted for 0.02/, in ‘those formulas; in no case a 


shall the ‘shearing unit stress exceed 0. 12 


—Beams with "Babs Bent Up at’ a Point. —Where ‘the web rein- 


forcement consists of bars bent. up at a single point, ‘the ‘point of bending, 


shall be at a distance, s, from the ‘edge of the support, not greater th 


ity, 22 (sin @ cos used 


are ak in, conjunction, ‘the total shearing resistance of 
beam shall be assumed as the sum of the shearing resistances s computed for 


a4 
the various types separately. in such computations the resistance 


included once. no case shall the maximum shearing stresses be greater 
than the limiting values given i in Sections 127 and 128. antl ean eae. 


~ 131. —Shearing Stress in Flat Slabs. —The shearing unit ‘stress in flat slabs 


shall not exceed the value of v given by Formula 
ane 


and shall not in any case exceed 0.03/ te 
The shearing unit stress shall be computed on: 

in (a) A vertical section which has a depth, in inches, of (t, 

aah "~ and which lies at a distance, in inches, of t, — 13 from the edge of the | 


er a (b) A vertical s section which has a depth, in inches, of $ (t, — 14) 


“ani and which lies at a distance, in n inches, of toon — 1k from the edge of the 


no case shall r be less than 0.25. Where the stress computed 
a8 in Section (a) is being considered, r shall be assumed as the proportional — a 
amount of the negative - reinforeement, | within the column strip, crossing the _ 
column capital. Where the ‘shearing stress: computed as in Section (b) is 
being considered, r shall be assumed as the proportional amount of the : nega-— ; 
tive reinforcement, within the column strip, crossing entirely over the dropped _ ja So 


panel. * (For typical flat slab and designation of principal ¢ ‘design ee 


182.—Shear and Diagonal Tension in Footings.—The shearing stress sl hall 


taken; as not | less than that computed by Formula (29). The stress on the 
critical section, shall not exceed 0.02f", for. footings | with | straight, reinforce- 
ment bars, nor 0. 03f', for footings i in which the reinforcement bars are anchored 


at both ends by adequate hooks or otherwise as specified i in ‘Section 140. = 


2.48 Ie special cases, where supported by satisfactory engineering analysis, diagonal tension | hate 


to may be used and increased shearing stresses allowed in accordance with Sec- 
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- 183.—Critical Section for Soil Footings.—The critical section for diagonal 
tension | in footings on soil shall be computed on a vertical section through 
‘the: perimeter of the lower base of ¢ a frustum of a cone or pyramid which has a 


base angle of 45°, and which has for its top the base of the column or pedestal 
and for its lower base the plane at the centroid of longitudinal reinforcement. — 
ore: 134.- Critical Section for Pile Footings. —The critical section for diagonal 


- tension in footings on piles shall be eomuuted on a vertical section at the inner 
; edge of the first row of piles entirely outside a section midway between the face 


‘ of the column or pedestal and the ‘section described i in 1 Section 133 for soil foot 


ings, but in no case outside of the section described in Section 133. The criti- 
eal section for piles not arranged i in rows shall be taken midway hae the 
i: face of the column and the perimeter of ate base of the frustum described i in 


& 135. —Bond Stresses a Action.—Where bar reinforcement is used 


A = resist tensile stresses developed by beam action, the bond stress shall be taken | 


as not less than’ that by Formula (34): 


rd For cor continuous or restrained members, the critical section for bond for the j 


stress 
ositive reinforcement ‘shall be assumed, to be at the point of inflection ; that ov 

r the negative reinforcement shall be assumed to be at the face of the support, ‘ 


a aiid at the pc point of inflection. For simple beams or freely , suppor ‘ted end spans 
of continuous beams the aites section for bond — be assumed to be at the 


+ 
Bent- up longitudinal bars’ which, at the eri 
tance, = 3? from horizontal reinforcement dhaes consideration, may be included 
with the straight bars in computing So. sider Insitiay A 


In footings only the bars specified in Section 177 as. effective i in resisting 
bending moment shall be considered as ‘resisting bond stresses. Special in 
vestigation shall be made of bond stresses in footings | with stepped or sloping 


upper surface, as maximum bond stresses may occur at the vertical vlan: of 
the steps or near the edges of the footing. “on anes orl} ) 


186.—Bond Stress for Ordinary Anchorage.—In beams where the ordinaty 

described in Section 139 is provided, the bond stress by 

‘ 


Hast yequirements of Section 23... == 0.05f 
137.— —Bond Stresses for Special Anchorage.— In beams where special an- 


of the bars is provided as specified in Section 140, bond stresses exceed 


iG 492 


ing those specified in Section 136 may be used, provided the ‘total tensile 
stress at at a point of abrupt change i in stress or or at the point of maximum = 


not exceed ‘the value of F given by Formula (85) 
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F= = total tension in oligust fy (4) 
Boi the perimeter of ‘the bar under r consideration; pot am nod silt 
= = ratio of the average to the maximum bond stress 
Formula (34) within the distance, ys 
formed bars meeting the requirements of Section 23; 
r a = the length of bar added for anchorage, including: the hook, i any ; 


i - y = distance from the point at which the tension is computed | to th 

‘point: of of beginning of anchorage. Lo ut 
The length of added for e may be either straight or 
fhe radius of bend ‘shall not be less than four (4) bar diameters. od 


—139.—Ordinary Anchorage Requirements.—In ‘continuous, restrained or 
antilever beams, anchorage of the tensile negative reinforcement beyond ‘the: 
tension with bond 


face of the _support shall provide for the full m maximum 


of the beam, the bars shall be bent ‘dow n toward the support a “ssdones? sa = 
less than the effective depth of the The portion of the bar so bent 
down shall be as near to the end of the beam as protective « covering “permits. 


(See Fig. 9, Appendix I.) In continuous or restrained beams, negative rein- 
forcement shall carried ‘to or beyond the point of inflection. Not 


than one-fourth @ of the area of the positive ‘reinforcement shall : extend into 
the support to provide a an embedment of ten (10) or more bar diameters. " 


¥ Tn simple beams, or freely supported end spans of continuous bid at 


least one-fourth (4) of- the area of the tensile reinforcement shall extend along % - 


Bets tension side of the beam and beyond the face of the support to provide an . ae 
/ 


embedment of ten (10) or more bar diameters. 


140.— —Special Anchorage Requirements.— —Where increased shearing stresses 


are used as provided in Sections 128 and 132, or increased bond stresses as pro- 


vided j in Section 187 are necessary, ‘special anchorage of all Il reinforcement in 

— to that required i in Section 139 shall be provided as follows: 

(a) In continuous and. restrained 1 beams, anchorage beyond points of in- 


tien, of one-third (4) the area of the negative reinforcement and | beyond the A 
face of the support of _one- -third the area of the positive reinforcement, 
shall be > provided to develop one- third (3) of the maximum working stress: sin a 


tension, 5 with bond stresses not greater thi than those specified in ‘Section 136. ost 
ia (b) “At the edges” of footings, anchorage for all the bars for one- -third (4) ea 
the maximum working stress in tension, shall be provided within a region where Pa 


the tension in the concrete, computed as an ‘anreinfpreed, beam, does not ex- i. 
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(ce) In 8 ead 9 spans of continuous: beams 


Or 
if 
—Anchorage Web _Web bars shall be anchored at 


(a) Providing continuity y with the longitudinal. reinforcement; or 
Bending around the longitudinal bar; or = 3 
ar ods of | semi- ai-circular hook which has a radius not less t then (4) 
pee! times the diaineter of the w web bar. ul do a 


Stirrup. anchorage shall be so provided in the compression and tension 
aaa a of a beam as to permit the development of safe working tensile stress 
in the stirrup at a point 0.3d from either face.* vol hic 


ad The end anchorage of a web member not in | bearing on the longitudind 
reinforcement shall such as to engage ‘an amount of concrete sufficient 
iis prevent the bar from pulling out In: In all cases the stirrups shall be carried 
4 as close to the upper | and lower ‘surfaces as fireproofing 1 requirements permit 


(For typical designs see Figs. 8 and 12, Appendix yr adorn 


(Two- Way AND Four- Way Systems WITH RECTANGULAR PANELS) 
‘ae ) it iw O75 gory ation 
ee _M oments i in Interior Panels. —The moment coefficients, moment dis- 
tribution, and slab thicknesses ‘specified herein. are for slabs which have three 
3). or more rows of panels i in each direction, and i in which the panels are ap | 


"proximately. uniform size, Slabs with paneled ceiling or with depressed 


paneling in the floor shall be considered as coming under the requirements 
given. The symbols used in Formulas (36), to (41) are defined | in| 


: 
Section 105, except ‘as indicated i in Sections: 1492, 145, and 
de In flat slabs in which ‘the ratio. of reinforcement for negative moment In 


= 
the column strip is not greater than 0.01, the numerical sum of the positive 


and negative moments in the direction of either side of the panel for whic 


~ tension reinforcement ‘ge be »e provided, shall be assumed as not Jess than that 


aire 


(88) 


its 


gular direction, at the principal design sections of a oft 


em. Generally, a properly anchored stirrup the diameter of which does not exceed one 
(2s) of the depth of the beam will meet these requirements. ag 


The ‘sum of the positive ‘and negative provided for by this equation ‘18 about 
10% of the moment found by rigid analysis based on the principles of mechanics. Extensive 
_ tests and experience with existing structures have shown that the requirements here stat 
-_* a will give adequate strength. See “Statical Limitations Upon the Steel Requirement in Reil- 
forced Concrete Flat Slab Floors”, by John _ Nichols, _ Transactions, Am. Soc. C. 
LXXVII (1914), p. 1670, and “Moments ‘and Stresses in Slabs”, by Messrs. 
and Ww. A. mater, Proceedings, Am. Concrete Inst., Vol. XVII (1921). 
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= base of the largest right circular cone which lies 
tively within the column (including the capital) the vertex 


pte’ ui gay angle of which is 90° and the base of which i is 13 in. below the Bit. 
=f wn bottom « of the slab or the bottom of the ‘dropped p: panel (see Fi ig. 


ae t= span length* of flat slab, center to center ann columns, in the rectan- 
direction in which ‘moments are considered; 


We = total dead and live load uniformly ¢ distributed over a single panel 


148. —Princrpal_ Design Sections. —In computing the « critical moments 


flat slabs subjected to uniform: load the following principal design sections 


(a) Section for Negative Moment in Middle Strip: : The section beginning 


at a point on the edge of the panel, ', from: hry column center and extend- 


ing in a rectangular direction a distance, the center of the 


column on the same panel edge (See Fig. 15 , Appendix Tq). oe = 
Section for Negative. Moment. in Column Strip: The section be 
ning at a point on ‘the edge of the panel, - , from the center of a column and 


at ina rectangular direction thie column to a -, there- 
from and thence along a a one- circumference about the 


eenter to the adjacent edge of the panel, 


Section for Positive Moment in Middle Strip ‘The section of 
length, | extending in a rectangular direction across the center of the middle 


ve 


_ 

for Positive Moment in Column ‘Strip: The section of f'tength, 

7 extending, in a rectangular direction across the center of the column strip. em 


oments m Principal Design Sections.—The moments in the prin-— 


cipal design. sections shall be those given in Table. le 6, except as as follows: 


uly 


~ (a) The sum of the maximum negative moments in the two column ¢ strips bee 


may be greater or less, than the values given in Table 6. by not more than 


a. *The column strip..and the middle strip to be used when considering moments in the ia 
irection of the dimension, 2, are located and dimensioned as shown in Fig. 15, Appendix Bore ia 
@ dimension, , does not always represent the short length of the panel. When moments © 3 
. the direction of the shorter panel length are considered, the dimensions, 1: and 4, are to ater J 
at interchanged and the strips corresponding to those shown in Fig. 15, but extending in the 
of oe ter panel length, are to be Alo 


we 
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aa ative moment and 1 


in the middle strip and the sum of the maximum positive insiaaeeite'3 in the ty 
a4 column strips s may each be greater or less than the values given in Table 


"TABLE to Be Usep in Desicn or Frat Sass. 


ach 
Negative. Positive. | Negative. Positive 


ag 0. Mo off 0.25 Mo 10 My 
Mo j 22 Mo — (0.50 Mo 20 Mo 


Th 


Two column strips......... 


0.10 My 

0.20 


These are approximately the values which would be obtained by considering one-thin 
UB) of the total moment, aie as positive and two-thirds (4%) of it as negative moment, 


ais 145.— 

.. yp of the arapned panel, in inches, or of the slab if a dromned panel i is not 

shall be not less than: 


ek Jo R= ratio of negative moment in the two column strips to ane 
iformly distributed dead and live load per unit of area of flocr; 


= dimension of the dropped panel in the direction varalle to |. 


. For ae with | dropped panels | the total thickness,* in inches, at point 
beyond the dropped panel s shall - not less than: rs 


= 0.021 w! + 


The slab thickness, ty or t,, shall i s than — 
“not less than - — for roof-slabs. In. deter 


= (37) ar and (38), the value of ‘shall ‘the ‘panel center to 
the columns, on the long side of ‘panel, shall be the panel lengli 


q on the short si side of the panel, and b! hall be the width or diameter of the 


«hee _ © The thickness will be in inches regardless of whether 7 and w -are in feet and pout 
per square foot, or in inches and pounds per square inch, = 


Wea + The values of R used in this formula are the coefficients of Mo for negative mom 


in two column strips in Table 6. 
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panel in the direction of we except ‘that, in a a slab without a dropped 


panel, shall be 0.5 1,. 7 


‘third (4) the panel length in ‘that direction, da thickness not greater 
Wall and Other Irregular Panels. wall panels other panels in 
which the slab is discontinuous at the edge of the panel, the maximum nega- 
tive moment one panel length away from the discontinuous edge and the maxi- 


ositive, mum positive moment between shall as tot 


‘te Tn these strips the bars used for positive moments perpendicular to the dis- 
~ continuous edge shall extend to the edge of | ~~ panel at which the s slab is dis- 


.095 Mo 


4 148-0 —Panels with Marginal Beams.—In panels having a ‘marginal beam on 
190 My 


190 My b one edge o or on each of two adjacent edges, the beam shall be designed to carry 
papi at least the load superimposed directly upon it, exclusive of the panel load. A : 


beam which has a depth greater than the thickness of the dropped panel into 


which it frames, shall be designed to carry, in addition | to the load superim- 
cna: - posed upon it, at least one- fourth (3) of the distributed load for which the — a 


not usell } adjacent panel or panels are designed, and each column strip: adjacent to and 7 
; parallel with the beam shall be designed to resist a moment at least one- -half— 7 


(3) as great as that specified in Table 6 for a column strip.* 

Pp Bs Each column strip adjacent to and parallel v with a marginal beam which has 4 

a a , depth less than the thickness of the dropped panel into which it frames shall ~ z 
designed to resist the moments specified Table 6 for a column strip. 
Marginal beams on opposite edges of a panel and the slab between them shall a 


7 be designed for the « entire » load and the panels shall be designed a as simple beams. — 
149.—Discontinuous Panels—The negative moments on sections” at and 

a parallel to the wall, or discontinuous edge of an interior panel, shall bed deter- Pd 


150.— —Flat Slabs on Bearing Walls.- —Where there is or a bearing 
i wall on the center | line of columns in the interior portion of a continuous flat oo 


. slab, the negative moment. at t the beam or wall line i in the middle strip per- 
pendicular to the beam or wall shall be taken as 30% greater than the moment 
a ‘Specified in Table 6 for a middle strip. _ The column strip adjacent to and — 
‘a lying o1 on either side. of the beam or wall shall be designed to resist a moment ,. 


at least one-half. (4) of that specified in Table 6 for a column strip. bus (08 
—Point of Inflection —The point of inflection in any line parallel to a 
a edge i in | interior panels of symmetrical slabs without "dropped panels 


wall columns, brackets are sometimes substituted for capitals, or changes 
are made in the design of the capital. Attention is directed to the necessity for taking . 
a into account the change in the value of c in the moment formula for such cases, i an, ea 
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‘of the distance between the two sections of critical negative moment at opposite 
ends of the line; for slabs having dropped panels, the coefficient shall be 0.25. 
152 — Reinforcement. —The reinforcement bars which cross any section and c 
hich fulfill” the requirements givén in Section 153 may be considered as_ 
effective in resisting the ‘moment at the section. The sectional area of a bar 
multiplied by the | cosine of the angle between the direction of the axis of the 
bar and any other direction may | be considered effective ~ reinforcement in 
—Arrangement of —The design shall include. adequate 
for securing the reinforcement in place so as to take not only 
critical moments, but the moments at intermediate sections. ~ Provision shall 
be made : for possible | shifting of ‘the point of inflection by ¢ carrying all bars in ; 
rectangular or diagonal directions, each side of a section of critical ‘moment, 
either positive or negative, to points | at least twenty (20) diameters beyond the 
point of inflection as specified i in Section 151. -Lapped splices shall not be 
at or near, regions 108 stress: as At least 


len gth and : 


ae than one-third (4) of the bars used for positive reinforcement in the — 


strip shall extend into the dropped panel ‘not less than twenty (20) diameters — 


of the bar, or in case no . dropped panel i is used, shall extend to a point not apn 
than’ one- - the span: length from center Tine of the column or 
We 55. —T ensile Stress in Reinforcement.—The tensile s stress, fe in the mantle: 
in flat slabs shall be taken ‘not | less than that computed | by F For- 


= moment specified i in Section 144 for two column strips or for one 


effective | cross- of the reinforcement which crosses 
mad 9:10 8 any of the principal design sections and which ‘meets the require: 
of Section 158. The stress so computed shall not at any 


. 


Stress Concrete —The compressive stress in the con- 


“crete in flat’ slabs: shall be taken as not less than that 


= 


1+ 1.2.- 


HPS Mesa 


in whicl , b, is as specified in Section 145. oft at 
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Compression due to positive moment, M,, in the eolumn strips, or 


: _ negative or positive moment in the middle strip: i 


special cases 43 supported by satisfactory engineering analysis, 
rs Engineer, | compression reinforcement may be used to increase the resist 
ance in accordance with other pr provisions of these specifications. 


— 158. —Unusual Panels.—For structures having a width of one or ‘two panels, — 
~ el also for sl slabs having panels of markedly different | ‘sizes, an analysis | shall o 
be made of the moments developed in both slab and columns, and the values” 
given in Sections 142 to 157 modified accordingly. tna 


Bending Moments in Columns.—See Section 171. 


 160.—Limiting Dimensions.— —The following sections on reinforced 


columns are based on the assumption of a short column. WwW here the unsup- 
ported length is netan than forty (40) times the least radius of gyration 7 
(40 R), the safe load shall be determined by. Formula (47). j Principal columns — 

in buildings ; shall have a minimum | diameter or thickness of. 12 in. 1 Posts that: _ 
are not continuous from story to story shall have a 1 minimum diameter a 


in 161. avant Length. —The 1 unsupported length of reinforced concrete 

_ (a) In flat slab construction the clear distance between the floor and under | 
“side of the capital. ak Yo oval linda ore 


In beam- -and-slab clear distance between the floor a: 


-*< 


the under side of the shallowest beam framing into the column at the next 


In floor construction with beams in one direction only, the clear diss 


aC) In columns supported laterally by struts or beams only, the clear dis-— 
tance between consecutive pairs (or groups) of struts or beams, provided that 


to be considered an an adequate support, two such struts or beams shall meet the 7 


‘ea by the a2 axis s of the. column and ale axis 's of each strut, , respectively, is 
Not less than 75 nor more than 105 degrees. 
s When haunches are used at the junction of beams or struts with columns, | 
the clear distance between supports may be considered as reduced by two-thirds _ a 
of the depth of the haunch, od 


is to 162. —Safe Load on Spiral Columns.—The safe axial load on columns rein- 


forced with longitudinal bars spaced enclosing a circular 


4 
aad 


used in Formulas to (49) are defined in Section 105, except 
indicated ‘Sections 1¢ 162, 165, 168, 170, 176, , and 182. 


upers. 4 
| 
osite 
land 
as 
1 bar 
f the 
at 
juate 
| 
— 
nent, § 
Le 
d the 
per- 
least 
Not 
eters 
t less 
or 
rein-- 
For- 
| 
(39) 
— 
r 
yuire- 
t any 
ed in 
q 
mulas 
pal 18 
7 


= 


1204 FOR CONCRETE AND REIN FORCED CONCRETE (Papers. 


; ete. apg: — total ate axial load on column the — of which is less than 40; 

ee A =s = area of the concrete core a within the spiral ; the diameter 
one of the core. (or of the spiral) shall be taken as the ‘distance 
center to center of ‘the spiral wire 
p=ratio of effective area of longitudinal reinforcement to area of 


=A (1— p)= = net area of concrete core; 


_ Tense em 


ad longitudinal reinforcement shall consist of at Teast ‘Six bars. of 
minimum diameter of 3 in. and its effective cross- area shall not be 
than 1%, nor more than 6% of the 


163. Spiral Reinforcement. —The spiral ‘reinforcement shall not less 
ll 
| 


: "greater than one-sixth (4) of the dianiche of the core and in no case more a be it 
«8 in. The spiral reinforcement shall meet the requirements of the “Tentative 


7 a Specifications for Cold- ‘Drawn Steel Wire for Concrete Reinforcement” (Serial 
Q1T) of the American ‘Society for Testing Materials 


164. —Protection of Spirally Reinforced. Column. 1.—Reinforcement shall 
protected everywhere by ac covering of. concrete cast ‘monolithic with the core, 


which shall have | a minimum thickness of 14 in. in square columns and 2 in. 
in round or octagonal columns. PAE £0) 
@ 165.—Safe Load | on “Columns with Lateral Ties —The safe axial load on 
eolumns reinforced with longitudinal bars and separate lateral ties. 
not than that determined by Formula (44): al 


Bont = effective cross-sectional area of longitudinal reinforeement; 


en = (the permissible compressive stress ‘in concrete) ‘shall not excee 


amount 0 of longitudinal reinforcement considered ix in the calculations 


shall be not more than 2%, nor less than 0.5% of the total area of the column. 7 
_ The longitudinal reinforcement shall consist of not less than four (4) bars a 


minimum diameter of 4 in., » Placed with a clear distance from the face of 
the column of not less than 2 i Alin | 


—Lateral Ties. —Lateral ties shall be not less than } in. in diameter, 

ng in Columns.— —Reinforced concrete columns subject to bend- 
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With lateral ties: Additional longitudinal reinforcement be 
required, and the compressive unit stress under ‘combined 


ae 


axial load and bending y may be increased to 0.30 Po pl ‘The total amount of rein- 
forcement considered in the domputations shall be not more than 4% of. the 


- ‘Tension in the longitudinal reinforcement due to bending o: of the column 


—-168.—Composite Columns.—The safe load on composite columns in which | 


a structural steel o1 or  cast- ‘iron column is thoroughly “encased in a cireum- 
ferentially reinforced concrete. core shall be based on a certain unit stress for 


the steel or cast-iron core plus a unit stress of 0. 25 f’, on the area within the 


= 


‘The ‘unit: compressive stress on the steel section shall be not greater than 
baa, | iz din 1 be = 18000 — 70 = 


but shall ‘not exceed 16 000 db. sq. -in. 


not greater than that de- 


but shall exceed 10 000 Ib. per sq. in, th Formulas (48) and on 


“be 
unit in core; and Wohin, 87 


ui R = least ra radius of gyration of f the steel or or cast-iron section. pUINTLOR 
“4H, The diameter of | the cast- -iron section shall not. exceed one- -half of the 
- diameter c of the core . within the spiral. The spiral reinforcement shall be not 
- - than 0.5% of the volume of the core within the spiral and shall conform _ 
"Section 163. Spor 
Ample section: concrete of shall be pro-| 
Bt il 4 vided at the junction with beams or girders. _ The area of the concrete between — 
pe ; : the spiral and the metal core shall be not less than that ‘required to carry the — 
exceed - total floor load of the story above on . the basis of a stress in the concrete of a 
0.85 unless special brackets are arranged on the metal core to receive 
—Structural Steel Columns.—The safe load on a structural steel column 
ofa a | section which fully encases an area of concrete and which is protected by ; 
an outside > shell of concrete at least 3 in. thick, shall be computed i in the same 
' manner as for composite columns in Section 168, allowing 0.25 fon the are area 2 
of the concrete enclosed by the steel section. _ The outside shell shall be rein- aa 
forced by wire ‘mesh, ties, or spiral hoops, weighing not less than 0. 2 Ib. per 
—«8q. ft. at the surface of the mesh, and with a maximum 1m spacing o: of 6 in. be- ie 
- strands or hoops. Special brackets shall be used to ‘Teceive the entire 


> 
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_ (a) With spiral reinforcement: The compressive unit stress on the con-— 

‘rete within the core arta under combined axial load and bending shall not 
meter — 
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q v iq 
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= 


floor: load at story. safe load in steel columns bby! Formula 
(45) shall not exceed 16 000 lb. per sq. imo» + fs 


170. —Long Columns.—' —The permissible working load on the core in axially p 
loaded’ columns which have a length | greater than forty (40) times the least 
radius of ne of the column core (40 R) shall be “not greater than that 


at 


= total ante axial load on column of the same section the — of 


an which is less 40, determined as in Sections 162 and 165. 


B= least radius of ration of column | core. ee 
nd —Bending M oments in Columns. —The bending moments in interior 


i. and ¢ exterior ‘columns shall be determined on the basis of f loading conditions and 


In spiral area a to be. as the stress 


you tt —General. —The requirements for tension, compression, shear, and bond 

: in Sections 103 to 141, inclusive, shall govern 1 the design of footings, except 
pte 173.—Soil Footings. —The | load per unit of area on soil footings shall be 
~ computed by dividing | the column load by the area of base of the footing. 7 
6 «174, —Pile Footings. —Footings « on piles shall be treated i in the same manner 
as footings | on soil, except that the shall bei considered as concentrated at 
Ps 175.—Sloped or Stepped Footings. —Footings in which the thickness has 


been determined by the requirements for : shear | as s specified ; in | Sections 1 133 and 


- footing, provided that, the. shear 01 on no section outside t the. critical section ex ex 
ceeds the value : specified, and provided further that the thickness of the footing 
above the reinforcement at the edge shall not be less. than 6 in. for footings 


soil | nor than 12 in. for on piles. Sloped or stepped footings 


 1%6.—Critical Section for Bending.—The critical section for bending in 
a conerete footing which supports a concrete column or pedestal, shall be 


a considered to be at the face of the column or ‘pedestal. _ Where steel el or cast 


iron column bases are used, the moment in the. footing ‘shall be computed at 
the middle and at the edge of the base; the load shall be considered a as 


uniformly distributed over the column or pedestal base. rar ortiw be 
od The bending moment at the critical section in a square footing supporting 


a concentric square ——— shall be —- from the load on n the ‘trapezoid 
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bounded by on one of the column, the corresponding outside edge of 
- footing, and the portions of the two diagonals. ‘The load on the two corner 
“trinngles. of this trapezoid shall be considered a as applied at a distance from 
the face equal to six- -tenths_ (0.6) of the projection of | the footing from the * 
face. of the column. The load on the rectangular portion of the trapezoid — 
shall be considered as applied at its of ‘The bending 
by Form 
(48) 


= bending moment at critical section of 


a= width of face of column or pedestal; 


- € = projection of footing from face of colum 


w= upward reaction ‘per unit of area of base of iter 


For a round or octagonal etoma, the: distance, a, a, shall be taken as equal a 


to ‘the side of a square of an area equal to the area enclose ed within the p perim- 
of the (For typical footing designs, see Figs, 1¢ 16° 
Rein orcement.—The reinforcement in each direction i in the 
shall be determined as. for a reinforced concrete beam; the effective depth 
+ shall be the distance | from the top of the footing to the plane of the reinforce- 
ment. The sectional area of reinforcement shall be distributed uniformly 
across the footing unless the width is greater than the Side of the column 
or pedestal plus: twice the effective « depth of the footing, in. which case the 
width over which the reinforcement is spread may be increased. to include 
: one-half (4) the remaining width of the footing. In order that no consider- 


= 


able area of the footing shall remain unreinforced, additional reinforcement 7 


Mas 


shall be placed outside of the width specified, but such reinforcement shall 
not be considered as effective in r resisting the calculated bending moment. 
Fo For the extra reinforcement a spacing double that within the effective belt 


may be used. fe bot pols nuk fy te sghie Tess ahead 
Stress. —The extreme fiber stress compression i n 1 the 


eonerete shall be kept within the limits specified i in Section 189. ‘Ihe. extreme 


“fiber stress in sloped ¢ or stepped footings. shall be based on the exact, shape of 
the section for than that assumed effective for ‘reinforce 


tings y shaped footing 

tings 

ng in 


all be 
“east: 
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footings shall be treated it n the s: same ‘manner. _ Other portions of combined 


footings shall be ‘designed as beams or slabs. 


to 134. 


180. —Shearing Stresses. —See Sections 132 te od Jon Heda 
181—Bond Stress—See Sections 185 to 144.00 


of Stress af Base of Column: —The ¢ compressive stress in 
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_ the pedestal or footing by either dowels or distributing bases. © When pny 


are used, there shall be at least gne for each column bar, and the total 


7 sectional « area of the dowels shall be not less than the sectional area of the 
“longitudinal reinforcement in the column. The dowels shall extend into the 


a column and into the pedestal or footing not less than fifty (50) diameters of _ 
q the dowel bars for plain bars, or forty (40) diameters for deformed bars. Basie 

j When metal distributing bases are used, they shall have sufficient 
= and thickness to transmit safely t the load the longitudinal reinforce- 


“ment in compression and bending. 4 The permissible compressive unit stress 
on top of. the pedestal or footing directly under the column — =) 


= permissible working stress over the loaded : area ; 


= total area at the top of the pedestal or footing; toa 


= ultimate compressive strength of concrete. (See Section 12 


ae sloped or stepped footings, A A may be taken as the area of the top 


horizontal surface of the footing or as the area of the lower base of the 


largest frustrum of a pyramid or cone contained wholly within the footing 

and having for its upper base the loaded area, A and having side slopes 

vertical to 2 horizontal 9a ” 


—Pedestals Without Reinforcement.—The allowable compressive unit 


on the gross area of a eoncentrically, loaded pedestal « or on the minimum 


_ area of a pedestal footing shall not exceed 0.25 f,’, unless reinforcement is 
provided and the member designed a as a reinforced concrete column. bot 
‘The depth ofa pedestal or pedestal footing ‘shall be not greater than, three 


(8) times" its least width and the projection on any side from. the face of the 

‘papparted member. shall be not greater t than one- -half (4) the depth. The 

depth of a ‘pedestal - the sides of which are sloped or stepped shall not exceed 


i three (3) times the least width or diameter of the section midway between the _ 
; top and bottom. A pedestal footing ‘supported directly on piles shall have a 


bars” having a cross-sectional area of ‘not less than 0.20 


in. per ft. in each direction, , placed 3 in. above the top. . of the piles . bee lt ; 


184.—Loads and Unit —Reinforced concrete retaining, walls shall 
: es so designed* that the permissible unit stresses specified in Sections 186 to 
_--—«-197 are not exceeded. The heels of cantilever, counterforted, and buttressed | 
retaining walls shall be e proportioned for m maximum ‘resultant vertical loads, 


| 
—_— a. 185.—Details of Design. —The following principles shall be followed i in the 


4 *In proportioning retaining walls consideration should be given to: (a) value 
of of soil; and (b) stability 
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| @ The — toe and heel of the base ‘labs shall be ider ered 


prer beam fixed at the top of the base. 


‘The vertical sections of counterforted and buttresedal walls” and 


ons 


bf base slabs supported by the counterforts or buttresses" shall be designed in = 

cordance with the requirements for a continuous slab in Section 110. 
The exposed faces of f walls without buttresses shall given 

batter of not less than in. per has 


(e) Counterforts shall designed im accordance v with the for 
beams i in n Section 113 to 115. _ Stirrups shall be provided i in the counterforts 
lo take the reaction when the tension reinforcement of the face walls and heels © 
if bases is designed to span between the counterforts. 
mnchored_ as near the exposed face of the longitudinal wall and as ‘lose to the 


for rectangular beams, 


tiene. shall not exceed the values specified i in «Miata 120 to 130. =f) Ot 
Horizontal metal shall be of such form and distributed 


racks in. exposed surface ‘not less 0. 25 of horizontal metal : rein-— 


@ Grooved lock- -joints shall be placed not more than 60 ft. apart to care — 


Counterforts and buttresses sh: 
exteated loading, and at intermediate ‘as may be by 
The walls shall be cast as a unit between expansion joints” unless con- 


struction joints formed in accordance with Sections 69 and 3 are provided. 


—— Drains or “ weep- holes” not less than 4 4 in. in ) diameter and not —. 


han 10 ft. apart, shall t be provided; 1 ; at least « one drain shall be provided for 
rach pocket formed by counterforts. 


— General. —The following notation shall be used, in ‘which, 
= ultimate compressive strength of” concrete at age of 28 days, based on 


ag tests of 6 by 12-in. or 8 by 16-in. cylinders m made and tested in accord- 
3 ance with the “Standard Methods of Making and Storing Specimens 
of f Concrete in the Field” (Serial Designation: C31-21) | 


* 


ican Society for Testing Materials (Appendix XIIT) and the “Ten- 
tative ‘Methods of “Making Compression Tests of ‘Conerete”. 


Designation: C39- of the American Society der Testing Materials 
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Direct Stress in Concrete od’ 


Columns the length of which ‘does ‘not exceed 462: iene a 


baa —With opiras varies with amount | of longitudinal reinfore. 


reinforcement and lateral ties. .(See Section 16 


(ce) Piers and pedestals. .. (See Section 183) 


188. Compression i in Extreme Fiber. 


(a) Extreme fiber stress in ol .0.40/ 


(0) Extreme fiber stress to of 
rd uous beams .......... 
(fede 


with h or bent bent-up bars or combination of the two. ..0. 


191 —Longitudinal B Bars Having Special Anchorage.- 


(b) Beams with stirrups or bent-up bars or a combination of the two. 0.12/, 

(a) Shear at distance, d, from capital or panel. .........0.08/, 


Other limiting cases flat Section 131.) 


Longitudinal bars without ‘special anchorage. . 


: 
Stresses in in Reinforcement 


“194 —Tension i an ¥ 
wed —Structural steel 000 Ib. per sq. in. 
“ 


Structural 
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Bars Same a as Section 104 (a) and 0) 


(b) ‘Structural steel core of composite column. «+16 000 Ib. per 


Vii 

tion 162) (c) Structural steel 16 000 Ib. per 

tion 165) educed for slenderness (See Section 169.) 

ion Composite cast-iron 210000 Ib. per sq. ‘in. 

—Bond Be ween Concrete Reinf forcement.— 

(a) Beams and slabs plain bars.. 


(b) Beams and slabs, ‘deformed . 0.05 


j : 
Footings, bars, two- -ways. . ...Sections (c) or (d) r uced by 95 pes per cent. » 
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val 1017998 NOTATION AND DIAGRAMS 
Specifications for Concrete and Rein 


= ‘oe. Conerete have been collected here for convenience of reference. The 
symbols are in general defined in the text near the formulas i in which they ar 
used. “ In a few instances the same symbol is used i in two distinct sen: 


ever, there i is little danger of confusion from this source. 
oby 2d ile 


bars 
width of po of or pedestal ; alg. 
6.0. @=angle between inclined web bars and longitudinal bars; 


se | = total net area of column, footing, or pedestal, exclusive of fire 


A= loaded area of pedestal, pier, or 


4 i o= =A en p) = net area of concrete core | of column (core a area minu 
area of reinforeement); 


= net area. of concrete in columns with lateral ties (total colum 
area minus area of reinforcement) ; ag 
= = effective cross-s sectional ar area of metal ‘reinforcement i in tension in 
"beams or "compression in ‘columns; and the effective cross: 
sectional area metal reinforcement which crosses any 


the principal | design sections 1s of a Fa flat slab- and which meeti 


= total area of reinforcement in _tensio within a distanc 


of s Gs, Soy § Sep -ete.), , or the ‘total > total area of all bars bent up iD 


rh 


the column (including the capital) the: vertex angle 
ai - ~ which is 90° and the base of which is 1} in. . below the bottos 


ly of the slab or r the bottom of the dropped panel (see ‘as 1); 


= projection of footing from face of column; 


2 
= total compressive stress in concrete; a 
Pye, -* These Appendices are published as part of the report of the Joint Committee 0 
Standard Specifications for Concrete and Reinforced Concrete by permission of the Amer 


In flat-slab design, the column ‘strip, and | the middle strip to be used when ‘consideriss 
‘ee in the direction of the dimension, J, are located and dimensioned as show? be 
Fig. 15. The dimension, l, does not always represent the short length of the panel. wea 
moments in the direction of the shorter panel length are considered, the dimensions,\} # 
h, are to be interchanged and strips corresponding to those shown in Fig. 15, but extendins 


n of the ‘shorter panel length, are to be considere 
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a 
epth from compression surface of or ‘slab to center 


compression reinforcement ; 


B = modulus of elasticity of conerete | in compression ; 


Es, = modulus of elasticity of steel in tension = 30 000 000. 
fo = = compressive unit stress in extreme fiber of concrete; 


Ww. fr c= ultimate compressive strength of concrete at age of 28 ery 


16 dale tests of 6 by in. or by 16-i -in. cylinders: made and 


te tested in accordance with the “Standard Methods of Making 


and Storing Specimens of Concrete in the Field” (Appendix 
bel and the “Tentative Methods of Making on 
Ades 


Tests of Concrete” (Appendix xID 
= = compressive unit stress in metal co core; to = 


= total tension in a bar; ban 


~ 
= unsupported length | of column; alt to Yo 
I= = moment of inertia ‘a section about the neutral axis for 


=ratio of lever arm of resisting couple to depth, 
jd =d—z= = arm of "resisting couple; 


= ratio of depth of neutral axis to etl: ody 


Tength of beam or slab from center 


‘center of supports; for. ‘special cases, ‘see Sections 106 


=span 


* 
didsetion’ 3 in which : are * 


length of flat slab, center to center of columns, 
-pendicular to the rectangular d which moments are 

= bending moment or. ‘moment of te general; 
= sum "positive negative bending moments in 
rectangular: direction, at the ‘principal design. sections | of ¢ a 


—! — ratio of modulus of elasticity of steel to that of conerete a 


Zo = sum of perimeters of bars in one set 


of concrete in beams = —!; and the ratio of effective poe 


= 
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See footnote, regarding bi, in foregoing notation, p. 1212, 
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longitudinal reinforcement to the area of the sesniaiiie. core in 
— A _p’ =ratio of effective area of compression reinforcement to effective 
area of concrete in a beams; mort b= 2% 
. = total safe axial load on column the — of Which $ is iba than 40 ; 


ll P= = total safe a axial load on long » aul m= 
A Q= ratio of the average to the maximum bond stress computed by 


Formula (34) within the distance, y; 


hoeed ratio. of cross: ;-sectional area of negative reinforcement which 


bas  erosses entirely over the column capital of a flat slab over 
‘iti _ the dropped panel, to the total cross- sectional area of the alee 5 


+ 


tive reinforcement in the two column strips; 
= permissible working stress in concrete over the loaded area of a a 
pedestal, pier, or footing; “abs STD 110" 


-R=ratio of. positive or ‘negative moment in two column s strips or one 


middle strip of aflatslab,toM,; 


3 = spacing of web members, measured at the plane of the lower - 


reinforcement and i n the direction the ‘longitudinal axis” 
_of the beam; 


"dropped panel (see Fig. 1); we 
thickness « of flat slab with dropped at points away 


the dropped panel (see Fig. 14); il to 


in = bond stress per unit of a area ¢ 2 of surface of bar; 
| 


y= upward reaction per unit ek area of base of footing; ge; 


We total dead and live load uniformly distributed over a sin ngle pancl 


lo = length of bar. added for anchorage, including the hook, if any; 
“7 _y = distance from the point: at which the tension is computed to the — 


> Ver, 
depth from compression surface of beam or slab to of 
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For es explanstion of of symbols used in dingrame, see e the foregoing Nc Notation. 
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Fig. 1.—NoMECLATURE Fo NFORCED FOR TENSION. 
ED FOR TENSION AND COMPRESSION. 


AND REINFORCED coNcRETE _ apel 

hast 


Allowable shear == 


Ti 


Allowable shear = 0.08 
Fre. 5 5. —TyPicaL REINFORCED CONCRETE Bram ; SPECIAL ANcHORAGE 
~ 


Series 0 of Series of inclined 
“vertical 
6.—Trrica WITHOUT SPECIAL ANcHoRAGE; Wes 
‘REINFORCED BY MEANS OF SERIES OF VERTICAL STIRRUPS; OR SERIES OF Bao 


~ - 


RCED BEAM; PRINCIPAL LONGITUDINAL Bars 
Bent UP In SINGLE PLANE. 


i 
«4 
4 
— “Fic. 7.—TyrpicaL REIN q 


ETE 


aA 


— to point of inflection 


‘Maximum spacing (8,8, ,etc.) tor 
a Smaller spacing is preferable 


IG. REINFORCED BEAM WITH ANCHORED LONGITUDINAL 


> 


ers, Papers.] SPECIFICATIONS FOR CONCRETE AND REINFORCED CONCRE (1217 
4 
= 
5 Fis, 9.—Typrcat WITH "WEB REINFORCED BY MEANS UF SERIES ‘Bars. 


é 
must not exceed 
0. O2 fo 0 on this section = 


"Section of inclined bars determined by | 


11.—TyYPIcaL REINFORCEMENT FOR ConTINvoUS BraMs| ‘WwITH 
ANCHORAGE, 


Fic. 12. Pica METHODS oF ANCHORING VERTICAL ‘Semmes. 
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‘Fic. 13.—TYPICAL REINFORCED CONCRETE BEAM- AND- TILE CONSTRUCTION. 
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4x this distance 


—= 


ga 


Width of section 


= of 


ra 


Plan 
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Critical section for 


“diagonal tension in 
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16.—Typrcan SLopep ReINFORCED Fic. 17.—TyYpican SLOPED 


CONCRETE FOOTING ON PILES. 


[Pap 
 & 
4 
- 
g 
pos 
sha 
Pay 


rs, Papers.) SPECIFICATIONS FOR CONCRETE AND REINFORCED CONCRETE 


Definition — cement is the product. obtained by finely pul- 


verizing clinker | produced by calcining to incipient fusion a an intimate and = 
properly proportioned mixture of argillaceous and calcareous materials, with 


no additions ‘subsequent to calcination excepting water and calcined or 


2. Limits. —The following limits shall not be exceeded: ino 

Loss on ignition, per 
be ‘Insoluble residue, per cent... 


Sulphuric anhydride (SO, per cent....... 


Mag nesia | (MgO), per cent . 
(2 


IL —Puy: 
HYSICAL PROPERTI 


Gravity — - _The specific gravity of cement shall be no 
3.10 (3.07 for white Portland cement). — - Should the test of cement as re- 


ceived fall below this requirement : a ‘second test may be made upon an ignited a us 
sample. . The specific gravity te test will not be made unless Sekeay ordered. 7 


4— a 


£_Pihenbas: —The residue on a standard No. 200 sieve shall not exceed 


dow 1 no signs: of ‘checking, or disintegration | in 


of Setting —The cement shall not develop initial set in than’ 
45 min. when the Vicat needle i is used, or 60 min. when the Gillmore needle 
is “used. Final set shall be attained within 10 hours. be 


Tensile Strength—The average tensile strength, in per square 
inch, of not less than three standard mortar briquettes (see Section 50) — 


posed of one part cement and three. (3) ‘parts: standard sand, by weight, 
shall be equal to or higher than the following 


ge at test, OL ens es ren in 


1 day in moist air, 6 days in fons 

28 1 day in moist air, 27 days in ay ie oly 


_ * These specifications and tests are issued by the American Society for Testing Materials, 
Under the fixed designation C 9; the final number indicates the year of original adoption oc jak : 
standard, or in the case of revision, the year of last revision. Adopted, 1904; revised, 1908, 
1909, 1916, 1920 (effective January 1, 1921). These specifications were approved March a 

2, as “American Standard” by the American Engineering Standards Committee. | + a4 
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—The tensile strength of standard ‘mortar at 28 days shall be 

higher than the at 7 days. 4 


oe _— and Marking. —The | cement shall be delivered i in ‘suitable bags 


‘barrels with the brand | and 1 ‘name of ‘the manufacturer plainly ‘marked 
Be any unless shipped in bulk. A bag shall contain: 94 Ib. net. A barrel 


shall contain 376 lb. net. 


ba 10. —Storage —tThe cement ‘shall be stored in such a manner as to permit 


“easy access for proper inspection and identification of each and 
ina suitable _weather- tight building which will: protect the cement. from 


and inapection at t either the 1 mill or at the site of the work, A may be specified 


by the purchaser. At least 10 ) days from the time of sampling shall be allowed 


for the completion of the 7- day test, and at least 31 days shall be allowed for 
the completion of the 28- day 1 test. | The cement shalt be tested in accordance 


with the » methods hereinafter” prescribed. test shall be waived 

only when specifically so ordered. 
E + 12-—The cement RAY, be rejected if it fails to meet any of the requirement 


oo ¥ i —Cement s shall not be rejected on account of failure ito meet the fineness 


requirement if u re-test drying at 100° cent. for 1. it meets 


14 ——Cement failing to meet the test for soundness in steam may be ac 


cepted if it a re- test a new at any within 28 days 
Ps. 


reject 
by 50 taken | random, less than, that ‘specified, thy 


Covet 43 ‘oli nT) TESTS |, sid ot ad | if 


—Number of Samples. :—Tests may be made on individual or composite 


«4th ltanorte ibe 
samples. as “may. be ordered. Each test sample should weigh at least. 8 Ib. 
—(a).— —Individual Sample. sampled i in cars one ‘shall 


be taken from each 50. bbl. or fraction thereof. If wneason in. bins one sall- 


ple shall be taken from each 100 bbl. TS sriom at yab 


(0) —Composite Sample. —If sampled i in cars one ‘sample | shall be taken 
_— from 1 sack in each 40 sacks \ (or 1k bbl. int each 10 bbl.) and combined to form 


one t test sample. If sampled in bins ‘oF warehouses one test ‘sample shall rep- 
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ordanee 
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ements 


ineness 


| cement contained i in the bin, as determined by the appearance at the discharge 


the following methods that may be ma 
(a). —From the Conveyor Delivering to the Bin.—At least 8 lb. of cement a 


of 10 ft. Pubes imitated may be used where 

of the bin permits. ix Samples : shall. be taken from points well distributed over beamed ae 

(c) —From Filled Bins at ‘Points of ‘cement shall 

be drawn from the discharge ‘openings to obtain samples Tepresentative of the ws 


openings of indicators placed « on the surface of the cement directly : above these 


| openings before drawing of the cement is started. 


19, —Treatment of ‘Sample —Samples preferably: shall be shipped and 
stored i in air-tight | containers. - Samples shall be passed through a ‘a sieve hav- 


ing 20 meshe per linear inch in order thoroughly to mix we break 


‘up lumps, and remove foreign materials, 


“Method. —On 


platinum crucible, of 20 to cu. ‘capacity, a s follows) using ‘either 


‘Method (a) or (b) as ordered: 


(a) The crucible. shall be placed in a hole in an asbestos board, clamped — 
horizontally so that about three- fifths of the crucible projects below, and 


- blasted at. a full red heat for 15 min. with = inclined flame; ; the loss in weight Me . 


1S 


| "shall be checked by ‘a second blasting | for 5 ‘min. ‘Care shall be taken to wipe | 


“of particles of asbestos that may adhere to ‘the ‘erucible when withdrawn 


fom the hole in the board. Greater neatness and ‘shortening of the time 


heating are secured by making a hole to. fit the crucible in circular 
disk of ‘sheet platinum and pe ey this disk over a somewhat larger hole in 


‘an asbestos board, pil, ait 


The crucible shall ced ina mufite at any temperature between 


— 900 and 1 000° cent. for 15 sh and the loss in weight shall be checked by ee 


—Permissible Variation —A. _ permissible variation of 0. 25 be 


allowed, and all results im excess of the specified limit but within this he 
shall be reported as ‘cent. OF | boteonth 


at 22.—M ‘ethod. —To, al- mea, sample of cement shall be added 10 cu. cm. 


water an of concentrated hydrochloric. acid; the liquid 


be. warmed, until effervescence ceases, The solution shall, be diluted to 50 
em. and digested on a steam bath or hot plate ‘until it is evident that ee 


decomposition of the cement “is complete. residue shall. be. filtered, 
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shed with cold water, and ‘the filter paper and contents digested in abou 


ata just short of boiling for 15 min. remaining 
shall be be cold: water, then with a few drops of hot 


28. —Permissible Variation permissible variation of will | be 


allowed, all ‘results in excess of the "specified limit but within this 


variation shall be reported as 0.85 cent. 


concentrated told with 5 eu. em. of ‘water, “with 
gentle warming; when the solution is complete 40 cu. em. . of water ‘shall 
be added, the sdlution:: filtered, and the residue washed thoroughly with 


water. _ The solution ‘shall be diluted to 250 cu. em., heated to boiling and 
ot 10 cu. em. of a hot 10% solution of barium shall, be added “slowly, 
drop by drop, from a pipette and the boiling continued until the precipitate 
ig well formed. The solution shall: be digested on the steam | bath until 
the precipitate has settled. precipitate shall be weed, 
“tis i paper and contents placed in a weighed platinum crucible and the paper 
slowly charred and consumed without flaming. The barium sulphate shal 
then be ignited ‘and weighed. bie The weight obtained multiplied by 34.3 give 
the percentage sulphuric anhydride. acid filtrate’ obtained i in the 
determination of the insoluble residue may be used for the ‘estimation of 


anhydride instead of using, separate s sample 

25. —Permissible Variation. permissible variation | of 0.10 "will be 

and all in 1 excess of the but within this 


permissible y variation shall be reported as 2 2 00 per cent. 


Method. 0.5 gramme of centient in an evaporating dish 

: shall be added 10 cu. em. “of water to ‘peevalik lumping and then 10 cu. cm. of 
a _ concentrated | hydrochloric acid. _ The liquid ‘Shall be gently heated and 
agitated until the attack is complete. solution shall then be evaporate 
to ‘complete dryness on a steam o1 or water bath. To hasten dehydration the 
i residue may be heated to 150 or, even 200° cent. for 4tol hour. The residue 
shall be treated with 10 cu. em. of concentrated hydrochloric acid - diluted 
with i tal amount of water. The dish shall be covered and the solution 


ks for 10 min. on a ‘steam ‘bath or water bath. The diluted solution 


tr. 


>» 


shall be filtered and the separated silica washed ‘thoroughly with water! 


Five cubic centimeters of concentrated “hydrochloric acid” and ‘sufficient 
bromine water ‘to precipitate which may be 


an _ * Since this procedure does not involve the determination of silica, a second evaporation 
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and the precipitated iron and hydroxides, after settling, shall 


washed with: hot water, once by decantation and slightly on the filter. 
Setting aside the filtrate, the precipitate ‘shall be transferred by a jet 


‘hot water to the precipitating vessel and ‘dissolved 10 eu. em. hot 


hydrochloric acid. The paper shall extracted with acid, the 

_ washings being added to the main solution. The aluminum and iron shall | 
then be reprecipitated at boiling heat by hydroxide and bromine 

a volume of about 100 cu. and the second precipitate “shall” 7 


wae 


collected and washed on the filter used in ‘the first instance if this 
still intact. To the combined filtrates from ‘the hydroxides iron and 


‘the precipitated calcium oxalate assumed a oth ‘defined granular 


‘The precipitate e after J hour shall be filtered and washed, then v with the filter 


‘shall be placed wet a Platinum crucible, and ‘the ‘Paper "burned off over 
Bu 


all 
then be 


“shall 


sha 

be scidfied with by “hydrochloric acid, steam bath to about 

150 cu. cm., and made slightly alkaline with ammonium hydroxide, boiled 
and filtered (to remove a little aluminum and iron and perhaps calcium). 
“When cool, 10 cu. em. of saturated solution of sodium. ‘hydrogen 


phosphate shall be added with constant stirring. When the crystallin 
ammonium- magnesium orthophosphate has formed, a ammonia shall be ‘edded 
in moderate excess. ¥ The ‘solution shall be set aside for several hours: ina 
place, filtered and washed with water containing 2.5% of NH,. 
precipitate shall be dissolved ina a small Il quantity 0 of hot acid, 
the solution d diluted to about 100 cu. cm. of, a saturated solution of 


‘sodium- ammonium- -hydrogen phosphate added, and | ammonia, drop by drop, 


with constant stirring, until the precipitate is again formed as described and 


tele 


the ammonia is in moderate excess. ts The precipitate shall then be allowed to 
stand about 2 hours, filtered and as before. The paper er and. contents 
shall be placed in ina weighed platinum crucible, the © paper slowly charred, and 
resulting carbon carefully, burned off. The | precipitate ‘shall then be 
to soften or melt the pyrophosphate. — ‘The weight of n ‘magnesium > pyro- 
phosphate obtained multiplied by 72. 5 gives the percentage of magnesia. The 
80 so obtained always contains ‘some calcium and | 
quantities of iron, aluminum, and man manganese as phosphates. 
27.—Permissible Variation.— —A_ permissible variation of 04 4 will be 
and all results i in “excess of the specified limit b but, within this 


“mssible v variation shall be reported as 5. 00 per cent 
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28.—A pparatus 
with a standardized Chatelier Which’ to the require 
“ments illustrated in . Fig. 18. This apparatus is standardized by the U. S. 
‘Standards. Kerosen: e free from water, or 


of. the ‘shall be introduced, 
Lathe that the cement does not adhere to the’ inside of the flask the | 
liquid and to free ‘the cement from air by rolling the flask in an inclined — 
‘position. — After all the | cement is ‘introduced, the level of the liquid will pra 
to some division of the graduated 1 the difference ce between readings 
the volume displaced by 64 grammes of the cement. 
vo tho be vl vil Dass We sight | of th grammes” 


i —The flask, during the operation, shall. be kept immersed in water, 


“thy ‘Onder “avoid “variations in the ‘temperature of the liquid ih the’ flask, 


ei shall not exceed 0. 5° cent. The results of repeated tests should ag ree 


cur ris 
—The de ermination of specific gravi 
31.—The de te pecific ty’ oldoorbyd ligt ba 
‘be on the cement as received; if api’ cm. 


falls below 10, second determination shall be 


after igniting the sample as described in do 


ni 


6 cc Ca 


sieves ‘shall be | (not twilled) 
from brass, bronze, or other suitable wire, 


mounted without distortion on frames not less 
Have two 0.1 cc, 


than 14 i ‘in. bel ow the top of the "Gradantions 

frames shall be circular, approximately 8 in. 01 Mark 
in ‘diameter, and may be provided with a pan and 


33.—A standard No. 200 ‘sieve is one having 


an 0.0029-in.. “opening and 200, ‘wires 
standardized the U. S. . Bureau of od 


wires in whole inch shall: ‘not “the Hits of 192 to 208, 
No opening between parallel wires shall be “more than 0.0050 in. 


ins width. diameter of the wire Should be 0. in. a av rage 
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diameter shall not be outside the limits 0.0019 0.0023 in. The value 4 
of the sieve as determined | by sieving tests made in conformity with | the 

standard specification for these tests on standardized cement which gives 
a residue of 25 to 20% « on the No. 

material, shall not show a variation of. more than 1.5 or below. the 

standards ‘maintained at the Bureau of ‘Standards. 


a 


—Method.- test shall be made Wadi 60 of cement. The 
sieve shall be thoroughly lean and dry. The cement ‘shall be pladad | on * 


the No. 200 ‘sieve, with pan and cover attached, if desired, and shall 


in one hand in a slightly inclined position so. that the sample will 


ete the sieve, at the same time gently striking the 


side about 150 times per min. against the palm of the other hand on the 


up stroke. The sieve shall be turned every strokes about 


sieve expressed as of bes of the 
35 Mechanical sieving may be used, but the cement shall n not 


be rejected if it “meets” ‘the fineness requirement tested by hand 
method described in Section = 


X.—Mixinc Cement Pastes anp Mortars 


shall 1 000 grammes now be than 500 grammes. ‘The propor- 


tions « of cement or cement and sand shall be s stated by weight in grammes 


‘i 
the dry materials; the quantity of water shall be expressed in cubic 


Base 508 Gg. L cu, em. of water = 1 gramme). The dry materials shall be 


weighed, placed upon a non- -absorbent surface, thoroughly mixed dry if sand 


is used, and a crater formed i in the center, into which the proper percentage x 


of clean water | be poured; the material on the outer edge shall be 


turned: into o the | crater by the aid aid of a trowel. Ld After an interval of 4 min. , 
for the absorption of the water, the « operation ‘shall be completed by con- 
tinuous, vigorous mixing, | squeezing, _and kneading w ith the hands for at 


least 1 min. a - During the | operation of of mixing, , the hands should be protected 


24.3 cm, 


- 37.—The temperature of the room and the mixing s water shall be maintained 


as practicable at 21° cent. (70° Fahr.). fied odd 


unl no’ ad sodt Inde oils ols to adi to 
‘Wan 38. —A pparatus. —The Vicat apparatus consists of a frame, A (Fig. 19) 
ot a movable rod, B, weighing 300, grammes, one end, Oy being lemin | 
- diameter for a distance of 6 cm., the other having a removable needle, D, 1 mm. | 
i ON ete * In order to secure unifurmity in the results of tests for the time of setting and tensile _ 
.- strength the manner of mixing described should be carefully followed. t least 1 min. i a 


_—‘Recessary to obtain the desired. plasticity which is not appreciably affected by continuing the 
The exact time necessary is dependent. on the 
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--position by a has midway the ends a mark, F, 
‘moves under a scale (graduated to millimeters) attached to the frame, 
The paste is held i ina coniowl, hard rubber ring, G, 7 cm. in diameter at the 
base, 4 em. high, resting ona a glass plate, H, about 10 em. square. “Tei 

— 89.—Method.— —In making the determination, 500 grammes of cement, with 
a measured quantity of water, shall be kneaded into a paste, as described i in 
Section 36, and quickly, formed into a ball with the hands, completing the 
: operation by tossing i it six times from | one hand to the other, metal 
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; 6 in, apart; the ball resting in the palm of one hand shall be pressed into the 


ring with paste} the excess at the larger end. shall then be by a a single 


s movement of the palm of the hand; the ring shall then be placed on its larger 
nd on a glass plate and the excess paste at the smaller end sliced off at the 


| top of the 1 ring by a single oblique stroke of a trowel held at a slight ‘angle 
with: the top of the ring. During these operations care shall be taken not to a 
compress the paste. Tf he paste confined i in the ring, resting on the plate, shall 


be placed under the rod, the larger. end of which shall be brought in contact 


_ with the sane the paste; ‘the scale shall be then read, and the rod quickly — 


larger end of the rubber ' ring held in the other hand, completely filling = | 
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The paste shall be consistency cy when the rod to a 
pint 10 m mm. below the original surface in min. after being released. d. The 


japparatus 3 shall be free from all vibrations during the test. Trial | pastes shall 


ie made with varying “percentages of water until the normal consistency is 
obtained. — The amount of water required shall be oe" in percentage by 
weight ¢ of the dry cen cement. — 

40. _ The consistency of standard mortar shall depend on the amount of 7% 
water required to produce | a paste of normal consistency : from the same sample ae 


of cement. Having determined the normal consistency of the sample, the con- 


sistency of standard mortar made from the same ‘sample shall be as indicated 
in Table. 8, values Being of the combined dry weights of of the 


| 
“TABLE OF ‘Waren 3 FOR Morrars 


Percentage of water for Percentage of water | Percentage of water | ‘Percentage of water 

- neat cement paste of | for one cement, three | for neat cement paste for one cement, three 

‘ normal consistency. standard Ottawa sand. | of normal consistency. | standard Ottawa sand. 


“ 

ara steam apparatus, which can be maintained ata tem- 


perature between 98 and 100° cent, or one similar : to that shown 3 in Fig. 20, 5 is 


recommended. _ The capacity of this apparatus may be increased by usi 


rack for holding the pats in a vertical or inclined position. 4 


& 42 —M ethod. —A pat. from ¢ cement paste of normal consistency y about 3 in, 

in ‘diameter, 4 in. thick at the c center, and tapering to a thin edge, shall ne 
made on clean glass plates about 4 in. square, a , and stored in moist air for 24 : 
hours. In moulding the pat, ‘the cement paste shall first be flattened on th 
glass and the pat then formed by drawing the trowel from the outer edge toward _ a & e t 


43. —The pat. shall be placed in an atmosphere steam at a 

perature between 98 and 100° | cent. upon a a suitable support 1 in. above boiling me 

44. —Should the pat leave the plate, bie. detected best with 
‘a straight edge applied to the surface which » was in contact with the plate. 4 


ai 45—The follo owing are alternate methods, either of which may be used 


-. *Unsoundness is usually manifested by change in volume which causes distortion, crack- 

ing, checking, or disintegration. Pats improperly made or exposed to drying may ‘develop 
what are known as shrinkage cracks within the first 24 hours and are not an indication of : 
Wsoundness. These conditions are illustrated in Fig. 21. The failure of the pats to remain Phas 
on the glass or the ices of the —_ to which the pats are attached does not necessarily we 
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_ Hard Solder only to be used, 


OF CEMENT. 


fis Galv: 


‘Size of Mesh 4" 
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j 
Apparatus to be made of Sheet 


SHELF 


of 3 Galvanized Iron Wire. 


tinned inside. All Seams to = - 


Copper weighing 22 oz, per sq. ft., 
lapped where possible. 


Shelf to be mad 
Iron Wire formed on a Rim Piece 
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—The setting shall be. determined with ‘the 1 
—Vicat Method.—A_ paste of normal consistency shall be in 
the hard-rubber ring, ig, G,, as-described in Section 39, and placed under the rod, 
B, the smaller end of w which shall then | be carefully brought in contact with 
E the surface of ‘the paste, and the rod quickly released. x The initial set ‘shall - 
be said to have occurred when the needle ceases to pass. a ‘point 5 mm. above 
the glass plate in 4 min. after being released; and the final set, when the needle { 
; does not sink visibly into o the paste. _ The test pieces shall t be kept in moist. 
air ‘during the t test. This may be accomplished by placing them on a “rack 


= ‘water contained in a pan and covered by a a damp cloth, kept from. contact 
with them by means of a wire | sereen ; or they may be stored in a moist closet, % 
_ Care shall be taken to keep the needle clean, as the collection of cement of 
the sides of the 1 needle retards the penetration, , while cement on the pc point may 
- inerease the | penetration. 1. The time of | setting is ; affected not , only by the p per- .- 
centage» ‘and temperature of the water used and the amount of kneading the 
paste receives, but by the temperature and d humidity of the air, and its deter- i 


j ae 48. —Gillmore N eedles—The time of setting shall be ‘determined by the - 

Gillmore needles. The Gillmore needles should preferably be ‘mounted as 

lows: pat of neat cement paste about in. ind diameter and + in. j in 1 thick 4 
sag _ ‘ness with a flat top (Fig. 22 (a)), mixed to to a normal consistency, shall be kept t 
; me i in moist air at a temperature maintained as nearly as practicable at 21° cent. ; 
(0° F ahr.). _ The cement shall be considered to have acquired it its initial set ; 

when the pat will bear, without appreciable indentation, the Gillmore needle, 

in. in diameter, r, loaded to weigh 1 Ib. The final set has been acquired when 
pat will bear without appreciable indentation, the Gillmore needle, oy 
5 in. in 1 diameter, loaded to weigh 1 Tb. Tn making the test, the needles shall 


i 
be held in a vertical d applied lightly to the ‘surface of the pat. j 


I 


material the sides to spreading during moulding. moulds" 


sand to be be “natural sand 


may be obtained the Silica Company, at a a “cost 


i 
g 
1 
shown in Fig. 23 shall 
vt 
an oily cloth before using. 
 §1.—Standard Sand—Th 
Ottay 
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the rt: 


ta sieve shall have between 19.5 and 20.5 wires per whole inch of the warp wires be 
as ZA s and between 19 and 21 wires per whole inch of the shoot wires. — lia a 
of the wire should be 0. 0165 in. and the average diameter shall not be outside | im 


Ided i 
the rd li 0.0160 


‘she 


aboy e Pat with Top Surface Flattened for Determining — — 


needle 


gt 


r 


ited as. inst ‘a 


No. shall between 29.5 and 30. 5 whole inch 
a et | the warp wires and between 28.5 and 31.5 wires per whole inch of the shoot a 


“ae wires, * The diameter of the wire should | be 0. 0110 i in. and the average diameter ;* 


tial set shall not be outside 1 the limits 0. 0105 to 0. 0115 in, 


—Moulding. —Immediately after mixing, ‘the standard mortar shall be 
: placed i in the moulds, pressed in firmly with the thumbs, and smoothed off with a 


d when 
ile, a trowel without ramming. Additional mortar shall be heaped above the 


i" a and smoothed off with: a trowel; the trowel shall be drawn over the mould — 


in such a manner to exert a moderate pressure on the material. The mould 
shall then be turned over and the operation of heaping, thumbing, — smooth- 


3 
ficient 


55.—T esting. —Tests shall be made with any s standard mac 
briquettes shall be tested as soon as are removed from the water. 
bearing surfaces of the clips and briquettes shall be free from grains of sand 
or dirt. The briquettes shall be carefully centered and the load applied con- 
‘tinuously at the rate of 600 Ib. per min . ; 
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56.—Testing sho uld be froqueintly: calibrated in to 


give strengths differing more than’ 15% value of all test 


— 


Be pieces made from the same sample and broken at the same period, shall not 

—A pparatus.— —The moist closet may consist of a soapstone, ‘slate, 
= ‘conerete box, or a wooden box lined with metal, a wooden box i is ‘used, th 
of the moist closet should be covered with water. i The interior of the ‘closet 

pieces, the shelves °s being « arranged so that ‘they m may he withdrawn readily. — 


a be considered in determining the tensile strength, 
interior should be covered with felt or broad ¥ wicking kept wet. The bottom 
should be provided with | non- -absorbent shelves" on which ‘to place the test 
s.—Unlless otherwise specified all test pieces, after 


nearly as practic 


— 


Trt 


FOR CONCRETE AND REINFORCED CONCRET 
| 
_ “pe _ 60.—The briquettes shall be kept in moulds on glass plates in the moist 
- oe —- for at least 20 hours. After 24 hours in moist air the briquettes shall 
sable at a 
ma 
— 


a 
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_BILLET- STEEL CONCRETE REINFORCEMENT BARS 
Serial Designation: A 15- 


—M aterial C overed.— 


These specifications cover three classes of billet- steel concrete rein-— 


forcement bars, namely, plain, deformed, and -cold- twist 


AD 


(db) Plain and deformed ned bars are of three grades, , namely, ‘structural steel, _ 


she test 4 specified. 
ly. = 


shall conform to the requirements specified for plain bars of -structural-— 


le at a 


The shall | made by w either or both 1 the processes, 


i (b) The bars shall be ‘rolled from new ew billets. ° No re-rolled_ material will | 
4—Cold- Twisted Bars.—Cold-twisted bars shall be twisted cold with one 


com plete twist in a length not over 12 times the thickness of the bar. . 


tat —CHEMICAL PROPERTIES AND ‘Tests od. Title 
—Chemical Composition .—The steel shall to thé following re- 


Phosphorus essemer not over or 0. 10 per cen ae 


—Ladle _Analyses.—An analysis of melt’ of steel shall be made by 
the manufacturer to determine the percentages” of carbon, ‘manganese, phos- 
phorus, and sulphur. — This analysis: shall be made from a test ingot taken 


- during the pouring of the melt. onl The chemical composition thus determined 


shall b be reported to the purchaser or his representative, and shall conform 


—Check Analyses.—Analyses may be made by the purchaser from finis 


bars ‘representing each melt of open- -hearth steel, and each melt, or lot of 
an 
tons, of Bessemer steel. The phosphorus content thus determined ‘shall not 


exceed that specified i in Section 5 by more than 25 per 


_ 


These specifications are issued by the American Society for Testing Materials under 
‘the fixed designation A 15; the final number indicates the year of original adoption as 


‘Standard, or in the case of revision, the year of last revision. .,, AMopted, 1911; revised, 1912, be 
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The bars shall conform t to the, Tequirements (Table 9) as to 


. PLatn Bars. ‘DEFORMED BaRs. unk! 


Stuctural-|Intermedi-| 
{steel grade,| ate grade. rade. de. | 

t 


Tensile strength.|) 55 000 55 000 70 000 
in pounds per ; 80000 min./~ to | }{|80 000 min. 


square inch.. 70 000 4 70 000 85 000 


4s 


mum, in pounds|> 33 000° 40 000 50000 | 38 000 40 000 50 000 
"percentage. 1 400 000+11 800 000% | 1 200 | 1 250 000 125 000* | 1 000 


Tens. str.|Tens. str. | Tens. str. | Tens. str.|Tens. str. Tens. str. 


The yield shall be determined by the drop of of the 


a ee (a). For } plain a and deformed bars over ? in. in thickness. or. diameter, a 


ey. deduction from | the percentages of elongation specified in Section 8 (a) | of 


25% shall be made for increase of in n. of the specified thickness or 


«4 
plain and deformed bars under in. in thickness or diameter, 
a deduction from the percentages of elongation specified in Section 8 (a) of E 


0. 5% shall be made of in. of | the thickness * 
diameter below in. Neda of T- 


0 —Bend Tests. —The test specimen shall bend cold around a pin without 
 eracking on the outside of the bent portion, as follows (Table 10) : 4 


TABLE 10—Benp-Trsr Requmements* 


Thickness 


of bar. tw isted a 


im.......| 180° =th =2 180° d = 3t a= 4t\180° d = 


d = 2t =f = 8t 90°d = 180° d = st 


diameter of the specimen is bent; t—the thickness or 
diameter of th i | ong 

Tension and bend- test specimens for plain and deformed bars ‘shall 


oe be ‘ken ‘tom the finished bars, and shall be of the full thickness or. diameter 
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of bars as rolled; except that the specimens for deformed bars may be da 


chined for a length of at least 9 in., if deemed necessary by ‘the manufacturer 


(0) 7 Tension and bend-test specimens for cold-twisted bars shall be taken — 


from the finjshed bars, » without further treatment, except as “specified in Sec- | 


bo (a) One tension and one bend test shall be made from each melt 0 of open- 


te tension and o one ne bend ‘test shall be made from both ‘the thickest and “the 4 

‘Tf any test specimen shows defective machining or develops flaws, 
it may be discarded and another s specimen substituted, = so 


(c) If the ‘percentage of elongation of any tension-test s specimen is 


‘than that specified in ‘Section 8 (a) and any part of the fracture is outside te 


the middle third of the gauge length, as indicated d by scribe “scratches marked aa 


on the specimen before testing, a re-test shall be allowed. Lot ae fie 


= 


14 —The “finished bars shall be free from injurious and shall have 


a workmanlike finish. OR 4 


15.— —The representing the shall have 
entry, at all times while work on the contract of the purchaser i is Pap i per-— a 
formed, to all | parts of the manufacturer's works which | concern the ‘manu- 


facture of the bars ordered. The manufacturer shall afford the inspector, free _ 
_ of cost, all reasonable facilities to satisfy him that the bars are being deen 


in accordance with these shock analyses) 


bw inspection shall be made at the 


la ‘Bars which show injurious defects subsequent to their 


at the manufacturer’ works” will rejected, and the manufacturer shall 


rejected | shall be preserved for. “two weeks from ‘the date ‘the 
“test report. _ In ‘eae of dissatisfaction with the results of the tests, the pane 


facturer may make claim for a rehearing within time. 
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ON CRETE B AND REINFORCED CONCRETE [Papers 
STANDARD § SPECIFICATIONS | FOR 


RAIL-STEEL CONCRETE. REINFORCEMENT BARS* 


ial Covered.—These cover three classes of rail- 


Mate 
teal conerete ‘reinforcement ars, namely, plain, deformed, hot- twisted. 
.—MANUFACTURE 


—The bars shall be rolled from standard section T- rails. 


oa 3.—Hot-Twisted Bars.- aT have one complete’ twist in 
a length 3 not over 12 times ‘the of the bar. 


(a) The bars" shall “to the Selling: minimum requirements 


ABLE 


— 


Tensile strength, in pounds per square inch..... at ott 80 000 


Yield in per square inch 50 000 
The point shall be ‘determined by the drop of ‘the beam of the 


be j 


(ee (a) For bars over ? in. in thickness or diameter, a deduction from the 


= percentages of elongation | specified in Section 4 (a) of 0.25% shall be made de 


for each increase | of 2 in. the or diameter above:¢ in. 


ade for 


decrease of vz in. of the specified thickness or below xs in. 
i 6.—Bend Tests.— —The test specimen shall bend cold around a pin without 


= @ Te ‘paddy test ‘plain: and deformed bars shall 
be the e finished bars, and shall be of the full thickness or 


diameter bars as ‘rolled; except that specimens" for deformed bars 
These specifications are issued by the American Society for ‘Testing Materials under 


the fixed designation A 16; the final number indicates the year of original adoption as 
_ standard, or in the case of revision, the year of last revision. Adopted, ee ; revised, 0 ee 


= 
__ 1 — Mater Un 
= 
dia: 
| 
fr 
— 
tol 
— 
¥ 
mi 
on 
45 val 
af 
4 
he 
| 
f 
i 
a 
i 
— 


Papers. ] SPECIFICATIONS FOR CONCRETE AND REINFORCED CONCRETE 


may be machined for length of at least 9 if deemed ‘necessary 


the manufacturer, to obtain uniform cross-section. © 


‘Thi cknessordiameterofbar. $| Plain twisted — 


# gree) wit rot 
Under $4 in.. 


in. or cover. 


| d=4t 


 *q@=the diameter of pin about which the specimen is. bent ; 


(0) Tension and bend- test specimens for hot- twisted sha be taken 


from the finished bars, without further treatment. 
a 8.—N umber of ae Ay 4 


(a) One tension and one bend test. shall be made from lot of 10 


tons or less of each: size of bar xc rolled from rails varying not more, than | 


If any test specimen shows defective machining or flaws, 


(c) If the percentage of elongation of any tension test specimen is | ess 

than that specified in Section 4 (a) and any part of the fracture is outside 4 ; 


the middle third of the gauge length, as indicated by seribe oa! marked Kt 


ae” 
on the st specimen before testing, a re-test shall be allowed. 


—The weight ¢ of any lot of bars shall not more than 5% from the 


—_The finished 


fe 


—Inspection. —The inspector representing the purchaser shall have 


free ¢ entry, at all times while wo rk on ‘the contract 0 of the purchaser i is being 3 : 
performed, to all” parts of  manufacturer’s works which concern the 


Cts 


‘manufacture of the ordered. The ‘manufacturer. shall: afford 
inspector, free of, cost, all re reasonable facilities to satisfy him that the bars oe 


are being furnished in accordance with these specifications. testis 


inspection ‘shall be ‘made at ‘the place of manufacture prior ‘to shipment, 
unless otherwise specified, and shall be 50 -eonducted as “not 


be. ‘Tejected, manu 


— 
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4 STRUCTURAL STEEL FOR BRIDGES* 


1.—Steel Castings. —The Standard Specifications for Steel Castiz 
A 27 ‘adopted by the American Society for Testing Materials 


a shall govern the purchase of steel ca castings for bridges. Unless otherwise s speci 
B castings, medium grade, shall be used. 


gee A —The steel ‘aa be made by the open- -hearth process. 


AT vit 


—Cheniical Composition. —The steel shall conform to the following re 


Acid.... ...not over 0.06 “not over 0.04 per cent. 


bi Analy yses. analysis of each melt of steel ‘shall be made by 


the determine the percentages of carbon, manganese, phos 


sulphur. This analysis. shall- be made from a a test ingot taken 
during the pouring | the melt. The chemical composition thus determined 

, ge shall be reported to the purchaser or his - representative, and shall conform to 

the requirements specified in Section 8. to — 


es 5.—Check  Analyses.— —Analyses may be 1 made by the purchaser from finished 


ia’ 
<a material | representing each melt. The phosphorus | ‘and ‘sulphur content thus 
P ra determined shall not exceed that specified in Section 3 by more than 25 pet 


—Puysicat Properties AND TEsTs 7 


th (a) The material shall conform the following requirements (Table B) 
P 


re 


obtained in specimen tests; the not exceed 14 000° per sq 
and the maximum shall not exceed 74 000 Ib. ‘per sq. ‘The material shall 


conform to the requirements as to physical ‘properties ‘other than that of tet 
strength, specified in ‘Sections 6, 7, and 8 (b). 


These specifications are issued by the American Society. for Materials unde! 
ec fixed designation A 7; the final number indicates the year of original adoption as standa 
or in the case of revision, the year of last revision. _ Adopted, 1901; revised, 1905, 1909, 1914 
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Properties considered. rgaol odes sd Structural steel. Rivet steel. 
‘Tensile strength, in pounds per square inch 55 000-65 000* 9! 46 000-56 000 
‘Yield point, minimum, per square inch 0.5 tens. str. 0.5 tens. str. | 

_ but in no case less than 30 000 Ib. per sq. in. | 
Elongation in 8 in., minimum, percentage. 

in 2in., minimum, percentage. : 22 


~ iit tow + 


se bets oy by the drop of the beam of the 


_ from the percentage ¢ of elongation in 8 in - specified 1 in Section 6 (a) of 0. 25 Fo 


“shall be made for each increase of . 32 1, in. of. the specified. thickness or d 
above zi in., to an minimum a of 18 per cent. 
For structural steel under in. in thi 


from the pereentage of elongation i in 8 in. specified in Section 6 


= 


shall be made for each decrease of 2 , in. in thickness or diameter Bolg ts in. 


test specimens, except as specified in’ Paragraphs (b) (c), 
shall stand being bent cold. through 180° without cracking on the outside’ 
- the bent portion, | as follows: For material 4 in. or under in thickness, flat on 


itself for material over r in. and including: ii in. in thickness, around. a 


Sal 


-(b) Bend test specimens for eye-bar flats s shall stand being bent cold through _ a 
| z 180° ' without cracking on the outside of the bent portion as follows: For 


material 2 in. or under in 1 thickness, around a pin the diameter of which is 
equal t to the thickness of the specimen ; for material over a in. to and includ- | 


a pin the. diameter of | which is is equal to three times the thickness cof the 


thickness of the specimen and for material over in. in in thickness, around 


(c) Bend test. specimens for steel shall stand being bent « col h 

— 180° flat on n themselves without cracking « on the outside. of the bent portion. 

(a) Test specimens shall be prepared for tes testing ag from the material in its 
“tolled or forged condition, except specified i in Paragraphs (b) and (c).. 


(b) Test. specimens for annealed shall be prepared from the 


terial, as annealed for use, or fro 
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(ce) Test specimens for rivet bars which have’ been cold- drawn. shall be 


taken longitudinally and, except as specified 


(9)s and (h), shall be of the full thickness or section of 


Abel 


Test specimens for plates, shapes, and flats may be ooo ‘to the 


orm and dimensions shown in Fig. 25, or with both edges. parallel. " Bend- test 
pecimens for eye-bar flats may have three rolled sides. 
- 6) @ Tension-test specimens for material over 14 in. in thickness or diam- 


ae eter, except pins and rollers, may be machined to a thickness or : diameter of at L 
least 2 in. for a length of at least 9 in., or they 1 0d conform to the dimen- F 


 (g) Bend test specimens for material « over er 1} in. in thickness or diameter, 


except eye-bar flats, pins, and rollers, may be machined to— a thickness or 


liameter of at least in. or to 1 by 3 in. in section. 14 ott to 


hon ‘Tension-test for pins and rollers shall conform to the dimen- 
sions: shown in Fig. 26 and bend-test sp specimens shall be 1 by 3 in. in section. 


t bri } 4 Note. -The Gauge Length, 
Endsmay beofanyShapeto 
fit the Holders of the Testing 
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ip (a) One tension and one bend test shall be made from each melt; except 


that if material from one melt differs 3 in. or more in thickness, one tension | 


and one bend test. shall be made from both the thickest a and the thinnest mate- 


If any test specimen shows defective machining flaws, it 
may be discarded and another specimen n substituted. 
3 (c) If the percentage ze of elongation of an any ‘tension test specimen is 
less than that specified i1 n Section and any part of the fracture i is 
than in. from the center of the gauge length a 2- ‘in, specimen or is 


outside the middle third of the | gauge length of a an 8-in. specimen, as indi-— 
cated by scribe scratches “marked on the specimen before testing, a re-test 


TABLE 14 PERMISSIBLE. VARIATIONS or REcrancutar PLATES TO 


I 


VARIATIONS IN AVERAGE WEIGHTS PER 


= 


oF FoR WiIpTHS GIVEN, 
EXPRESSED IN Poncartacss OF ORDERED WEIGHTS. 


‘ 


in 72 to 81 to 96 to 108 to 120 to | 182 in. Ordered 


in., | 72in., ., | 96in., or | weight, in 


Under. 


rir 
5 to 7.5 excl.. 
7.5 10 
0 “ LW. 5 
éi 


Oren or 
WW 


aon 


an a 

4 


ooo 


3 4“ 30 
38 180 40 
8 400r over 


an 
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WW COCR 


ws 


"e 


* The weight per square foot of individual plates shall not vary from the ordered weight 
wy: more than 144 times the amount given in this table. 

IV.—PERMISSIBLE VARIATIONS IN Weicur AND ‘THICKNES 


—The cross- “section or weight of each piece of | steel shall not vary more 
‘than 2.5% from ‘that specified ; except in the case of sheared plates, which | Cpe. 


shall be covered by the following permissible variations. One inch | 


of rolled steel is. assumed to weigh 0. .2833 Ib. * 
(a) When Ordered to Weight ‘per Square Foot—The weight “of 


m each shipment ‘shall not vary from the weight ordered more than the 


s  *The term, “1ot”, applied to Table 14 means all the plates of each group width and 
m SOuD weight ; as applied to Table 15 it means all the plates of each group width and 
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When Ordered to Thickness thickness of ‘each “plate. shall not 


more than 0.01 in. under that ordered. ono bay aad 
> ae ~The overweight | of each | lot* in each shipment shall not exceed the amount 


: given in Table 15. geodordt ods tod mov? oba son od 


‘ a 
oat it. ad “Square Foot or PLaTes FoR WIDTHS GrveN, 


_ EXPRESSED IN PERCENTAGES oF NoMINAL W RIGHTS. 
‘ 


_ thickness, thickness, 


[Under 48 to | 60 to | 72 to | 84to | 96 to | 108 to| 120 to tia 
Under 
1% to! excl. 


‘ 


1 


j 


; 


red 
~ 


* 


—The finished material shall be free defects and shall 


di shall Ee legibly staniped. or. rolled on all finished material, except that rive 


be properly, ‘separated and: for identification. "The identification math 


x shall be: legibly ‘stamped o1 on the end of each pin and ‘roller. melt 
shall marked, by. stamping if practicable, on each” test 


—I nspection. —The inspector representing the purchaser shall have free 


y, at all times while work ¢ on the contract of. the purchaser is being 


to. all parts the _manufacturer’ wotks which concern the 


manufacture 0 of the material | ordered. The manufacturer shall afford the 
vif ie te 
inspector, free. of cost, all reasonable facilities “to. satisfy “him that 


thaterial is bein ng furnished in_ “accordance with these “specifications. All 
tests “(except check analyses) inspection shall be. ‘made at the place 


manufacture prior to. shipment, unless otherwise specified, shall be 

iy _— 80 eondueted as not to interfere unnecessarily with the operation of the 


 * The term, “lot”, applied to Table 14 means all the plates of each group width and 

‘group weight ; as applied alll Table 15 it means all the — of each group a ant 
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15. 15.—Rejection. if AG 
Unless otherwise specified, any based 


amount with Section 5 shall be reported within five working days 
@)M Material which ‘shows: injurious defects subsequent to its 
at _ the manufacturer's works, will... be rejected, and t the ‘manufacturer shall 


16.- —Rehearing. g-—Samples in n accordance with Section 5, which 


manufacturer may make « for a ‘rehearing within that time. 
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FOR STRUCTURAL STEEL FOR BUILDINGS Lead 


(@) Structural steel , except as noted in Paragraph (b), shall be made by. 
either . or both the following p processes : : Bessemer or open- hearth. 


steel for plates or angles” over in. in 


_ which are to be punched, shall be made by the open-hearth process. — 


2.—Chemical 1 Composition The steel shall t following 


quirements: as to chemical composition: 


Bessemer.. not over 0. 10 per cent. 


Phosphor (Open- hearth 0. 06 not over 0.06 per cent. 


‘carbon shall be made o each melt of Bessemer 


An analysis of each melt of open-} -hearth steel shall be made for carbon, 


‘manganese, end sulpbor, 


(ce) shall be made by the manufacturer from test ingots 


a taken during the | “pouring of each melt. The chemical composition thus 


determined shall be reported to the purchaser | or his shall 
to the requirements specified in Section 2. "practicable, 


_—Check Analy ses. —Analyses- may by the purchaser from fin- 
ished ‘material representing each melt. The phosphorus and sulphur ‘content 


; thus: determined shall not exceed that specified i in Section 2 by more than 25 


The material shall to the requirements 16) 


wy (0) The yield point: shall be ‘determined by rop of the beam of the 
ag * These peer re a are issued by the American Society for Testing Materials under 
the designation AQ; the final number indicates the year of as 
_ gtandard, or in the case of revision, the year of last revision. A 
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"SPECIFIC! ATIONS ‘FOR CONCRETE AND REINFORCED 


Tensile strength. in pounds per square inch.. 000-65 46 000-56 000 
Yield point, minimum, per square inch 0) 0.5 tens. str. | * 0.5 tens. str. ak 
but in no case less than 25 000 pew in. 


ee 


= 


centage of elongation i in 8 in. _ specified i in | Section 5 5 (a) of 0. 25% shall be made 
for each i increase ‘of % in. of the specified thickness above 8 in., to a minimum © 


7 (a) For structural steel over # in. in thickness, a deduction from the  per-— a 


(b) For structural steel under in. in thickness, a from the 


‘percentage: of elongation in 8 in. specified in Section 5 (a) of BS 25% | shall be > 


‘made for each decrease of J, in. of the specified thickness below in. 


(a) Bend test specimens except as , specified. in . Paragraph (b), shall stand 
being: bent cold through 180° without cracking on the outside of the bent por- | 


tion, as follows: material 3 in. or under i in thickness, flat on itself; for 
material over 2 in. to and including 13 in. in thickness, around a a pin the 


~ diameter « of which is equal to the thickness of f the specimen; ; and for material 
over 13 in. in thickness, around a a pin the diameter of which i is equal to twice 


(b). Bend test specimens for rivet steel shall stand being bent cold through | 


— 180° flat on themselves ° without cracking on the outside of the bent portion. : 


Bor ie Test specimens shall be prepared for testing from the material i in ‘its 
or forged condition, except as specified i in Paragraphs (b) and (ec). 


specimens for annealed material shall be prepared from the 


- terial as , annealed for use, or from. a short. length of a full section 
(c) Test specimens for rivet bars which been cold- drawn shall 


mat Test specimens shall be ‘taken! longitudinally and, except a as specified may 
In Paragraphs (f), (9), and (h), § shall be of. the full thickness or. section 


‘ 


Test specimens tor plates, flats, may be machined to the 
form and dimensions shown in 25 (Appendix x or with both edges 


parallel tlonr adr hus rio asid to 


(f) Tension test specimens for material over in. in thickness or diam- 
eter, excey 
Teast 
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— (g) Bend test specimens for material over 13 in. in thickness or diameter, 
except pins and rollers, may be machined ed to a thickness or diameter of at 
least in. or to 3 in. in section. 
(h) Tension-test specimens for pins and rollers shall conform to the 
shown in a Fig: 26, and bend- test specimens shall be 1 by 4 in. in 


tae (i) Test specimens for pins and rollers shall be taken « so ‘that the 2 axis is 1 


dimensions 


. 


rounded toa radius ‘not over win. 
map 


each melt except 


TS 


one bend test shall, be from both, the and thinnest 


If any test shows defective machining or develops flaws, it 


be discarded and another ‘specimen. substituted. 
(ec) If percentage elongation of any tension- -test. specimen is less 


ay 


| than that specified in Section 5 (a) a1 and any part of the fracture is is more 
han n # in. from the center of the gau gauge length « of a 2-in. specimen or is 
‘piemndl the ‘middle: third of the gauge length of an 8-in. specimen, as indi- 


cated by seribe scratches marked ‘specimen before testing, a re-test 


_ Permissible Variations. - érdss- or weight: of each piece 
of steel shall not vary more than 2. 5% from that ‘specified ; except in the case 


of sheared plates, ¥ Laseh'' shall be covered by the following permissible varia- 


cubic inch of rolled steel is assumed to weigh 0. 2833, 


(a) When Ordered to Weight per Square Foot—The weight of = lot* 
‘each shipment ‘shall not vary from the weight more ‘than the 
amount given in Table 17. ‘haze te 


(6) W hen Ordered to Thickness.The ‘thickness of shall ‘not 


eer _ The overweight « of each lot* in each shipment shall not exceed the (Sinount 


finished shall defects and ‘shall 


hey ea workmanlike finish. an Enis: one 


VI.—Marxine 


e name | or brand of the manufacturer and the melt number shall 
legibly stamped or rolled.on all finished except . that -Tivet and 


9 16  * The term, “‘lot’”, as applied to Table 17 means all the ‘plates of each | group width and 


- group weight; as applied to Table 18, it means all the plates of each group width and 
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Papers.) SPECIFICATIONS FOR CONCRETE AND REINFORCED CONCRETE 


“4 lattice- -bars and other small sections shall, when loaded for shipment, be 

separated and marked for identification. The 
shall be legibly stamped on the end of each } pin and roller. ~The melt number 
~ shall be legibly marked, by stamping if practicable, on each test specimen. — it 
aq TABLE Variations: RECTANGULAR ORDERED 1 TO 


PERMISSIBLE VARIATIONS IN AVERAGE WEIGHTS PER Bgnans 
oF PLATES FoR WIDTHS GIVEN, 


84 to | 96 to | 
96. in.,|/108in., 
excl. | excl. 


48 to 60 to | 72 to 
72 in.,|84 in., 
"| exel, | excl. 


TEES 


Ordered weight, in | 
pounds per square 
foot. 


i weight, 
pounds per = 
square foot. Biss 


excl, excl. r. | 


‘Under. 


is Tess 


3 more 


or is 
s indi- 
re-test 


piece 
Ba 
1e case 


oo 


40 


WE 


ororor 
OK 


ai 


oor 


. * The weight per square foot of individual plates shall not vary from the ordered welch ei. 


by n more than 1% times the amount given in this table. 


COR 


O 


ae 


1 
48 to | 60 to | 72 to | 84 to | 96 to | 108to | 120to |182 in ere 
60 in. |72 in.,| 84 in., | 96 in., |108 in.,|120 in.,|182 in., 
excl. excl. excl. excl, excl. excl. ca 


Ordered 
Welk in inches. 


‘Under % 
& to $46 excl...... 


> 


18. —Inspection—The ins inspector representing the purchaser shall free 


entry, at all times while work on the contract of the purchaser is being | er- 


ith and 
th and 


« 
[ Papers, 
ameter, 
r of at 
to the 
in. in 
i 
except Under|, 
tension ry 
|g |2. 8 |40orover. ff 
TABLE 18 ECTANGUL 
‘oot oF PLATES FOR WIDTHS GIVEN, EXPRESSE 
not 
— 8 | |% to excl. 
shall 
and 


= = 


1250 SPECIFICATIONS FOR CONCRETE AND REINFORCED CONCRETE. [Papers 
formed, to all parts of the manufacturer’ 3 works which concern the manu 


of the material ordered. The shall afford the inspector, 


analyses) and inspection shall be made at the of prior ‘to 
shipment, ° unless otherwise specified, and shall be so conducted as not to 


interfere unnecessarily with the operation of the work 


Rejection. 


a, with Section 4 shall be within five ‘working days rom the. 


q Material which shows injurious defects ‘subsequent wi its acceptance 


at the manufacturer’s works will be ‘rejected, and the te 


Rehearing. —Samples tested in “accordance | Section. om 


rejected material, shall be preserved for two weeks from: the date 


Si the test “report. In case of dissatisfaction w with ‘the results of the tests, ie 


manufacturer may make for a within that time. 


ae 
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Pape SPECIFICATIONS co: N CRETE AND REINFORCED concn 1251 


he 


—Material Covered.—These specifications cover cold-drawn steel wire to 


bi as such, or in fabricated form, for the reinforcement of consrete, - 


in gauges not less than 0.080 in. nor greater than 0.500 in. 

' 2.—Basis of Purchase. —When wire is ordered by § gauge number the follow 
ing ‘relation between number and diameter, in inches, shall apply. unless oth 

DIAMETER, IN INCHES. NUMBER. DIAMETER, IN INCHES. 
WY 


0.3938 


wane 


= 


(a) The steel shall be made by either both the following processes 


both the ries 
Drawing. — —The wire shall be cold-drawn from rods hot-rolled from 4 
want 
 4—Tension Tests.— 


ros The wire, except ¢ as ‘specified i in P 
ithe following minimum requirements a as to 


Tensile strength, in pounds per square 


Reduction of area, percentage 


This” is a Tentative Standard only, published. by the tor Testing 


_ Materials for the purpose of eliciting criticism and suggestions. It is not a Standard of the ’ 
Society and until its adoption as Standard, it is subject to revision. ‘Issued, 1921. ees a 
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SPECIFICATIONS FOR CONCRETE A AND REINFORCED CONCRETE [Papers 

esl For wire to be used i in the fabrication of mesh a minimum tensile 


of 70000 Ib. per ‘sq. in. shall be permitted. 


Be —(e) For wire testing over 100 000 Ib. per sq. in. tensile strength, _ the redue- 
“ tion of area shall. be not less than per cent. ATAS' TAs ie 


5. —Bend Tests.— ~The test specimen shall being bent cold through 


480° without « cracking ‘on ‘the outside of the bent Portion, as follows: 


= 
bes = wire, 0. 3 in. in diameter or under, around a pin the ie 


: ia) which is equal to the diameter of the ‘specimen. 


otter ny ar which i is 4 to: tuive the of the specimen. 


6.—Test Specimens.— -Tension and bend- test specimens s shall be of the full- 


Iv.— —WorkMANSHIP AND Finiso 


9.—The finished wire shall be free from i Se saan defects and sk shall have a 


AND 


nine, all reasonable facilities to eitialiy him that the wire is being furnished 


ie accordance with these specifications. All tests and inspection shall be made 
i d 


at the place of manufacture prior to shipment, unless otherwise specified, an 


shall be so conducted as not to interfere unn ecessarily with the operation of 


11 —Rejection. Wire shows injurious defects” subsequent to its 
‘eimem at the manu edi be rejected, gn the manufacturer 


gaa 
@ 


foi 
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8 or les — 
any test specimen shows delects or Baws, may be dis- ad 
-earded and_another specimen substituted Sie 
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| Papers.) SPECIFICATIONS FOR CONCRETE AND REINFORCED 


STANDARD M METHOD OF ' TEST FOR. 
SIEVE OF AGGREGATES FOR CONCRETE* 


Serial Designation: C 41-24 


—A represen itative test sample of the aggregate shall be 
selected by quartering» or by use of a sampler, which. after drying will give = 


not less than the following: dt See 


Fine aggregate, 500 grammes. bets 8 voy to 


Coarse aggregate, ora mixture of fine and coarse aggregates, weight, 


Sieve opening. Wire diameter, Tolerance, percentag 


= 


opening. 


0.102 6 
0.188 6 
0.33 5 
0.54 = 
0.84 
3 
2,33 3 
0.1385 8.42 3 
0.162 4.12 3 
0.177 | 4.50. 
0.192 | 4.88 38 
6.3 
r 
nished 
wi es * The requirements ‘for Sieves No. 100 to No. 4 “conform to the requirements of the 


} made U.S. Standard Sieve series as given in the U. S. Bureau of Standards Letter Circular No. ond 4 


‘Treatment Sample. — shall dri ied 


The | sieves halle be of square-mesh wire cloth and shall be mounted 


on substantial frames constructed in a manner that loss 


a: The size of ¥ wire and sieve openings shall be as given in Table 19. _ 


‘The sample shall be separated into a series of sizes by means 


sieves specified j in Section 3.0 _ Sifting shall be continued until not more than — 
yer 


1% by weight. of the sample | passes any sieve e during 1 min. t 2 ses 


-. *This method is issued by the American Society for Testing Materials under the fixed ae 
designation C 41; the final number indicates the year of original adoption as standard, or in Sar: 
the case of revision, the year = last revision. Proposed as Tentative, 1921; ee (1922; z 
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SPECIFICATIONS FOR CO} REINFORCED | CONCRETE heal 


(b) Each s size shall be weighed 0 on a balance or scale which is sensitive to 


ries of the weight of the test sample. 


““T"€@) The percentage by weight of the ‘total waiate which is finer than each 


ro 


(a) The 1 percentages in sieve analysis shall he reported to the nearest — 


bs (0) If more mere 15% of a ‘fine aggregate is coarser than the No. 4 sieve, 


“4 or more than 15% of a coarse aggregate is finer than the No. 4 sieve, the sieve 

analysis of portions finer and coarser than this sieve shall be be reported 
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-TENTATI IVE METHOD OF DRCANTAMION TEST 
FOR SAND AND OTHER FINE AGGREGATES* 


Serial Designation: D 136-22 


—Scope. —This ~method of test covers” of 


quantity of silt, loam, « clay, ete, in sand and other fine aggregates. + 


‘pan or vessél to be used in ‘the determination 


0 mm.) in diameter and not less than 4 in, (202, 


4 sieve, 
1€ sieve 
eported 


@ 
e sample must ¢ contain sufficient moisture to 


ite 


"prevent ‘segregation and be thoroughly mixed. A representative portion 
of the sample sufficient to yield approximately 500 grammes of dried material, 


Gell, then be dried to a constant weight at a temperature | not exceeding 110° i 


.—The dried material shall be in the pan and sufficient 


' water added to cover the sample (about 225 cu. cm. ). The contents of the — 


| - ‘pan 1 shall be agitated vigorously for 15 sec., § and then be ‘allowed to settle for 


i sec., . after which the water shall be poured off, care being» ‘taken not t 


| off any sand. This operation shall be repeated 1 until the wash water is. 


As a ‘precaution, the wash water shall be poured through a 200- mesh. 


sieve any "material retained thereon returned to the washed sample. 


_ washed sand ‘shall be dried toa constant weight at a temperature. not exceed- 


100° cent. (230° Fahr.) and weighed. 


—Caleulation of Results. —The results shall be calculated from the 
= 


g yeight — weig washing _ 10 
Orig inal dry weight — weight after wa x1 gente 


6-—Oheck Determination. hen check determinations are. desired, » the 


Percentage of silt, loam, clay, ete. = 


Notre.—Criticisms of this Tentative ‘Methoa are solicited and should be directed to 
Mr. J. C. Pearson, Secretary of Committee C- 9 on Concrete and Concrete Aggregates, 
Standards, Washington, D. C. may 


*This is a Tentative Standard only, "published “by American Society for Testing 
me for the purpose of eliciting criticism and suggestions. It is not a Standard of the — 
Society and until its adoption as Standard, it is subject to revision. © Issued, 1922, 
ae + This determination of the percentage of silt, clay, loam, etc., will include all water- 
¥. soluble material present, the Pes of which may be determined separately if desired. 
fave, 
| 


— 
| 
4 
¥ 
4 
i 
q 
gi! 
toh 


— SPECIFICATIONS FOR CONCRETE AND REINFORCED CONCRETE on 


TO ¢ THAT 


STANDARD METHOD OF TEST) 


FOR ORGANIC IMPURITIES IN SANDS FOR CONCRETE* 

test herein specified is: can | for 
presence of i Injurious organic compounds in natural sands for content mortar 
or concrete. The principal value of the test is in furnishing a oe that f 
futher tests of the sand are necessary before they be used in concrete. Sands ; 
which | produce a color in the sodium hydroxide solution darker than the stand- 


ard color should be ‘subjected to strength tests in mortar or concrete before - 


(a) A test ‘sample of sand of about 1 Tb. shall be obtained 
quartering or by the use of a sampler. 


(6)—Procedure—A 12-0z. graduated glass bottle shall be 
ed to the 43- oz. mark w ith the sand to be tested. bus 
A 3% solution of sodium hydroxide (NaOH) in water ‘shall be added 


. until the volume of sand and liquid after shaking gives a total value of 7 


oe (d) The bottle shall be ‘stoppered and shaken thoroughly and then allowed 


“‘Golwiow shall be » prepared by adding 2.5 cu. em. of a 
‘29% solution of tannic acid in 10% alcohol: to 22.5, cu. em. of a 3% sodium 
hydroxide solution. This shall be placed in 12- -OZ. prescription bottle, 


stoppered, and allowed to stand for. 24 hours,’ then 25 cu. i em. . of water 


(—Color Value. _The color wr of t the clear liquid above the sand shall be 
_ compared + with the standard color solution ‘prepared a as in ‘Paragraph (e) or 


: 


with a glass of color similar to the standard solution. | 
_ Son —Solutions darker in color than the standard color have a “color value” 


stay ides SH 
‘higher than 250 parts per million in terms of tannic acid. 8===——<“i“‘COCOCSCS@SY' 


This method is issued by the American Society for Testing Materials, under the fixed 
Question C 40; the final number indicates the year of original adoption as standard, or in 


vision. Proposed as tentative, 1921 adopted, 1922. 
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$i Yo blyonr 

te 8 ds to be 


PENTATIVE METHOD OF TEST 


APPENDIX XI teat ont 


bos iin vig 


FOR ad? bar 


SISTENCY OF PORTLAND-CEMEN T CONCRETE 


MENTS OR FOR PAVEMENT BASE* 


j 


naa Serial Designation: 138- 22 


W- 


Bix 


in the field for determining» ‘consistency of to » be used for 


concrete pavements or for for 


bor te: we Oe ‘oY 


od j ile 


shall be when 


=~ _Nors.—Criticisms of this Tentative Method are solicited 
Mr, Prévost Hubbard, Secretary of rors D-4 on Road and Paving ‘Materials, 25 W. 


third St., New York, N. Y. 


t 


fede 


ber 


on 


and 


_ * his is a Tentative Standard ‘published by the American Society for Testing 
- Matoriats for the purpose of eliciting criticism and suggestions. It is not a Standard of ae 


~ the Society and until its adoption as Standard it is subject to 


revision. Issued, 1922. 


+ This test is not considered applicable when there is a considerable quantity of coarse 
aggregate more than 2 in. in size in the concrete. The Committee is now working on a 


ym suitable for determining the consistency of concrete using aggregate more than 2 in. 
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+1258 SPECIFICATIONS FOR concRETE AND REINFORCED concrete [Papers 
8 2. —A pparatus —The test specimen shall be formed in a ‘mould of No. 16 ic 

a gauge - galvanized metal in the form of the lateral s surface of the frustrum of | | 

a cone with the base, 8 in. in diameter, the upper surface, 4 in. in 1 diameter, 


ips and the altitude, 12 in in . The base and the top shall be open and parallel to § "s 
each | other and at right. angles to the axis of the cone. The mould shall be = 

— 

with | foot pieces: ‘and handles as shown in Fig. 27. 
Sample. —When. the test As made at. the mixer, the sample shall 


taken from ‘the of conerete immediately after ‘the entire A hes 


face, ‘such as a smooth or a ‘slab of concrete, and the operator ‘shall 


pete 


at the lower end. filing « shall be completed i in successive 
similar to the first and the top struck off so that the mould is s exactly filled. 
| The mould shall then be removed by being raised vertically, and at exactly 
3 min. after being filled. | The moulded concrete shall then be allowed to 
subside until quiescent and the height of the sg; specimen measured. ae 


ve 5.—Slump. —The consistency shall be recorded in terms of inches” of sub- 


- sidence of the specimen during the test, which shall be known as s the slump. 


Slump = 12 — inches of height after subsidence. 
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 § ewe pieces. The mould shall be filled to about one-fourth of its height with the 
ii 
« Jom ti 3l areloliito Io arly tot Biel 


ameter, 
allel to 


shall be 


hall be 
as been 


central 
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r shall 


he foot 
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ers” 


te in making tests of concrete for wearing I resistance, bond between concrete and 


gates shall be in a room-dry condition when used in concrete tests 


_ For methods of sampling large lots of deposits of aggregate, see the “Standard Methods 


Paper "SPECIFICATIONS FOR CONCRETE AND REINFORCED CONCRETE 


‘MAKING COMPRESSION TESTS OF CONCRETE* 


isk ‘Desig nation: C 39- 21 tk 
re d lab I of. f 
crete mai e in a a oratory where accurate control 0 quantities 0 materia 

and test conditions is possible. are designed to apply primarily ‘to 


hand- mixed concrete. is These methods may be used with slight modification 


steel, impermeability, etc. The investigation 0 of machine-mixed concrete will 
‘ ‘require certain obvious changes in the method. For methods of conducting — 
_ compression tests of concrete specimens made during the progress of construc- ae 
ove work, “see the “Standard Methods of Making and Storing Specimens of | 
~ Conerete in in the Field” (Serial Designation: C 31-21) of the American Society 


atures (65 to 75° Fahr. ) athe ‘beslenion: tests. Cement shall be stored in a 
dry place; preferably i in covered metal cans. _ The cement shall be thoroughly — 
mixed in advance, in order that the sample may be uniform ‘throughout the 
rey It shall be sifted through a No. 16 sieve and all lumps rejected. ” “Aggre- 
s. In general, 
"aggregates: should be "separated ‘the No. 4, in. and 13- in. sievest 
~ re-combined to the a average original sieve analysis for each batch. Fine agere- 
gate should be separated into ‘different sizes also, in cases ‘unusual | he 
toga —Sampling for Preliminary Tests.—Representative samplest of all con- 7 
crete materials shall be secured for preliminary tests prior to the proportioning — 
y and mixing of the concrete. _ Cement test samples: may be made up of a ‘amall 
quantity y from each sack used in the concrete tests. samples of ageregates 
agg, —Cement Tests. —Cement shall be subjected to test, using the methods _ = 
described in the “Standard Specifications and Tests for Portland Cement” 
q 


_ (Serial Designation: C 9-21) of the American Society for Testing } Materials — fee 


—Fine Aggregate Tests. -—Fine aggregates s (passing through a No. . 4 


¥ sieve) shall be subjected, when re requir ired, to the following tests: 7 
Norz.—Criticisms of these Tentative Methods are solicited and should be directed 
C. Pearson, Secretary of Committee C-9 on Concrete and Concrete 
*This is a Tentative Standard only, published by the ‘American Society Testing 
i Materials for the purpose of eliciting criticism and suggestions. It is not a Standard of the — my oe 
~ Society and until its adoption as Standard it is subject to revision. Issued, 1921. e, 
specifications for sieves, see “Standard Method of Test for Sieve Analysis of 
- Aggregates for Concrete” (Serial Designation : C 41) of the American Society for Testing © ‘ng 
Materials, A. S. T. M. Standards, adopted in 1922 (Appendix VIII). Jain 


of Sampling Stone, Slag, Gravel, Sand, etc. for Use as Highway Materials” (Serial Designa- 
: - tio: D 75) of the American Society ‘tor Testing Materials, A. S. T. M. Standards, adopted — a. 
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Test for Sieve Analysis” of Aggregates | for (Serial Designation: 
41-24) of the American Society for Testing ‘Materials: (Appendix VI). 
(bd) Test for organic impurities (natural sand, only) made in accordance 


with t the “Standard Method of. Test for. Organic “Impurities in “Sands for 
Concrete” ‘(Serial Designation: © 40-22) of the American Society for Testing 


(ce). Test for quantity of silt, clay or dust made in accordance | with the 


a - “Tentative Method of Decantation. Test. for Sand a and Other Fine Aggregates 4 


(Serial: Designation: D 186 22T) of. the: American Society, for Testing Mate- 7 


i: Test for unit, weight made’ in accordance with the ‘ “Standard 


29-21) of the American Society for Testing XV). 
tes (e) Strength test of 1 : 3 mortar by weight at 7 and 28 days in comparison 


—Coarse Aggregate Teste— ‘Coarse aggregates (retained on a No. 4 sieve) 
= shall be subjected when required to the following tests: 


ong 


ou Ga) « 


(a) Sieve analysis test as under | 5 (a); 


if ) Test for quantity of silt, clay or dust, as specified under ‘Section 5 (3 | 


CHEMI ETL i “ yt he 
) Test for unit weight as under Section 5 (d). vi 


aggregates as. used. in n,conerete, tests ‘shall be determined in. accordance 


the method specified i in Section 5 odd ot 


. fur 8.—Proportioning. — —The quantities of each, size of aggregate to be used in 


of the > mixed aggregate, The. exact quantities of cement of 


size ‘of aggregate for each batch shall be. determined by weight. | ‘The quantity. 

water for each batch shall be | accurately measured. . The quantities of ma-— 

‘terials may be expressed | as (a) 1 1 volume of cement to. volumes of total 


ageregate mixed as used; or (b) 1 volume of cement Le) volumes fine aggre 
gate, and... volumes of coarse aggregate.’ jours) 


Size of Test Pieces. —Compression tests of shall be made on. 
—_ of a diameter equal to one-half the length. 4 The standard shall be 


6 by 12-in. cylinders where the coarse aggregate does not exceed 2 in. in size; 
; for aggregates larger than 2 in., 8 by 16-in. _ cylinders shall be used; 2 by | 4-j in, 


may be used for mixtures: without coarse aggregate. od [feds 

(a) Conerete shall be mixed by hand in batches of such size as 0; leave 


smal] ‘quantity. of cons crete after “moulding a single test batch 


It is impracticable to give a > method tert ‘experi 
_ ‘mental purposes; the details will necessarily vary widely with the purpose for which the 

; a yj tests are made. -The following procedure is suggested for specific cases: (a) Vary the cement 
fies “content by 10% intervals above and below the assumed. quantity; (b) vary the proportions ~ 
of fine to coarse aggregate, measured separately, at intervals. of 10% ; quantity 

mixing water by intervals of 10 per cent. 
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(c) The coarse aggregate ‘chal be added and mixed dry; (lin. Agiada 
@) water shall be e added to produce concrete of the required 


7 d mo} The whole shall be mixed thoroughly until | the entire mass is homo- 

oft 11.— Workability y.—The workability ¢ or plasticity of each batch of concrete 


shall ie ‘measured immediately after mixing by one of the following methods: 


z (a) Slump test made in accordance with the “Tentative Method of Test 
for Consistency of Portland Cement Concrete for Pavements or for Pavement 
Base” ‘(Serial Designation: 138- -22T) o of the American. Society. for Testing 

a (b). Flow test. made by placing a metal: form in the shape of a frustum of 
a cone, 6% in. in top diameter, 10 in. in bottom diameter, 5 in. deep, on the 


table of the flow apparatus. + The fresh concrete shall be placed in the paeerey 
in two Jayers. Each layer shall be puddled and finished as decribed in Section 


treatment a: as with the bottom diameter of ‘the cone, 


as a percentage, is the flow.” 


provided with a machined metal base-plate, and shall be oiled with a heavy 
mineral oil before using. — ‘Particular care shall b be taken to obtain ‘tight forms 
so that the mixing water will not escape during moulding.t t 

Bod? 13.—Mouldi ng Test Pieces. —Concrete. test pieces shall be moulded by plac- 


ing the fresh concrete in the form i in layers 3 to 4 in. in thickness. Min Each layer 


shall be puddled with twenty- five. strokes. with a §-in. ‘round steel bar of a 
length 9 in. quater, than the length of the mould, pointed at the lower eal 


with a trowel, and the mould covered. with | a machined pa pe it ora piece 


of plate glass at least + in. thick, which will be used later in capping the test 


14—Capping Cylinders.—Two to four hours after moulding, the test pieces 
shall be capped with a thin layer of stiff neat cement paste in order that the ss ae 


cylinders may present a smooth end for loading. _ The cap shall be formed by — a 
wh *Concrete tests should be made on plastic mixtures. _ It is of the utmost importance _ 
that a uniform degree of workability be secured in tests involving comparisons of different nl 
— and oft fo stock 9d ade door 
+ For a description and illustration of one design for a flow- table, see Proceedings, 

Am. Soc, for Testing Materials, Vol. XX, Part II, p. 242 (1920), and Concrete, June, 1920, f 


_ +The best type of form consists of lengths of cold-drawn steel tubing, split along one > 
element and closed by means of a circumferential band and bolt. ‘Satisfactory forms can be 
Made from lengths of steel water-pipe machined on the inside, from rolled metal plates, | Roe i. 
from galvanized steel , machined iron, or steel castings. Paraffined cardboard moulds will 
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d of the cylinder form. The cement for capping shall be mixed to a 
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7 Je least 3 in. thick, worked down on the fresh cement paste until it rests on ‘th 
to a stiff 
paste | before beginning to ‘mix the concrete; in this way the tendency of the 
4 . cap to shrink will be largely eliminated. ‘The adhesion of the concrete to ‘the 
metal base- -plate and the glass can be largely eliminated oiling the cover: 
and by inserting a sheet of paraffined tissue paper. 
-—Curing Test Pieces. —Conerete test pieces shall be from the 
forms 20 to 48 hours -s after moulding, m marked , weighed, and stored in damp 
sand, under damp cloths or in a moist chamber until the date of test. The 
“temperature 0 of the curing room should not fall outside the range of 60 to 75° 
 16.—Age at Test.— —Tests shall be made at the age of and 28 days; 
of 3 months and 1 year 
—Sequence of Tests. —Three to five pieces be made on dit 
“ferent days in investigations in which accurate comparisons are desired. yy 
18 Preparation. of Tests. —Compression tests shall be made immediate) 
upon removal of the concrete test pieces from the | curing room; that is, the 
“test Pieces shall loaded in a condition. The length | and average 
i a diameter of the test piece shall be measured in inches and hundredths; two 
diameters shall be measured at right ‘angles near the mid- length. . The tes 
piece shall be weighed immediately before testing. 
19.—Method o of Testing.—In general, only the ye’ 


of the ‘cylinders need be observed. The metal bearing- plates of the testing 
machine shall be placed i in contact with the ends of the test piece; ; cushioning 
materials shall not be used. | An adjustable bearing-block shall be used to trans: 
mit the load 1 to the test piece. The bearing- block shall be placed on top of the 
i test piece in vertical testing machines. The. diameter of the bearing- block ‘shal 
* be approximately the same as that of the test piece. ‘The upper section of the 
oe bearing: block shall be kept in motion: as the head of the testing machine is 
brought to a bearing on the test piece. vat dite 
#4 90. —A pplication of Load. —The load shall be applied uniformly and without 
~The moving head of the ‘testing machine ‘should travel at the 
0. 05 in. per min. _when the machine i is running 
—Record of Tests. —The total load indicated by the testing | at 


 ealeulated in pounds per - square inch, “the a area computed froin’ the average 
- diameter of the cylinder being used. The type of failure and | appearance of 
2 Weight of Concrete. —The weight of the. concrete in pounds per cubie 
7 foot shall be determined from the weight of the specimens | and their dimensions 
ox 23.—Density and Yield. —Density and-yield of concrete when required shall 
ae be calculated from the unit volumes of the constituent materials and the volume 
the concrete. Density is here understood to be the ratio of solids in the 
concrete to the total volume of the mass. Yield is the volume of conerett 


resulting frc from one volume of aggregate m mixed as used, abt 
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(b) Complete data on all tests of cement and 
(e) A description of methods of making and d testing the concrete, 
methods deviate from the proposed standards; ad 
_ (d) The quantities of cement, aggregates, and water in each batch; 
‘The method of measuring workability or plasticity “slump? 


— 


est 


fo} ri tf fort 
(h) ‘The size of test pieces; 
ni The. date of moulding ¢ and testing each extinders 


The unit weight , density, and of the concrete, 
4 


(kd, A description of and appearance concrete on each test 
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Scope. —The methods hidedini specified apply to moulding ‘eda storing | 


ae test ‘specimens of concrete sampled from concrete being used in con- 


and Shape of Specimen.—The test bee ylindrical 
= form with the length twice the diameter. In general ¢ a mould whose dia- 


- meter is” not less than four times the diameter of the lar, 
ahiall be used. sizes most commonly used are 6 by 12-in. and by -in. 


7 (a) The ‘moulds shall be -eylindrical i in form, made of non- — 


substantial enough to hold ‘their form during the 
vary in diameter more 


i in. in any ‘direction, ‘nor they vary in height more than ts in. from 


be no leakage of from the test specimen during moulding. 


: s (b) Each mould shall be be provided with a base- plate having a . plane sur 
and made of non- n-absorbent ‘material. This plate shall be large ‘enough 
in diameter to support properly the form without leakage. Plate-glass or 
planed metal are satisfactory for | this purpose, A similar plate should be 
"provided for covering the top surface of the test specimen 2 after being moulded. 


oo (c) Suggestions for suitable forms are shown in Figs. 28, 29 and 30. = 


< 4.—Sampling of Concrete. “the 


(a) “Concrete for the test “specimens shall it 
has been placed in the work. . All the concrete for each sample shall be taken 


from one place. | AN sufficient number of samples—each large enough to make 
one test specimen—shall be taken at different points so. that the test speci 


mens made from them will give a fair average of the concrete placed in that 
of the structure: selected for tests. The location from each 


" ‘sample i is taken shall be noted clearly for future reference. 


In securing samples, the concrete shall be taker from the mass by 


: _ shovel | or similar implement and placed in a large pail or other receptacle, 


for: transporting to the e point of moulding. Care shall be taken to see that 
ch test specimen represents the total mixture of: the “conerete at that place. 


Different samples shall not be mixed together, but each sample shall make one 


= These methods are issued by the American Society for Testing Materials, under the 

via - fixed designation C 31; the final number indicates the — of original adoption as standard, 

or in the case of revision, the year of last revision. entative, 1920; adopted, 


height required. They shall be substantially w water- tight so so that. there will 
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Tubing; %g Walls. Make Narrow Slit along one 
Element. May also Use 6 Steel Water Pipe, — 
Machined Inside. Slit along,one Element, so 
that when Closed will give 6 ‘Inside Diameter. _ 


6%" ‘0. D. Cold- Steel 
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as bottom plates can be avoided by oiling the plates or by sens a sheet of 


‘5B 5.—Moulding | the Specimens. <THE 


or containing the of concrete shall 
be be taken as 3 quickly as as possible to the place selected for moulding test speci- 


4 
mens. To 0 offset s Segregation of the concrete oceurring during ‘transportation 


each. ‘sample shall be dumped into a non-absorbent water- Teceptacle and, 
after slight stirring, immediately placed in the mould. 


bY ‘The test specimens shall be moulded by placing the concrete in the 
form i in layers approximately 4 in, in ‘thickness, Each layer shall be puddled 


with 2 to 30 strokes with a § to hi -in. bar, about 2 ft. long, tapered slightly 


4 at the lower end. - After puddling the top layer, the | surface « concrete shall be 
J struck off with a pe and covered with the top cover- oe which will later 
be used in capping the test t specimens. Anh 


oa ave . al bead 


‘Lightly Soldered or Labed Wire Staples 


‘TOP. ies 


Material: No.20 Gauge 
‘Steel or Waxed Board 


after ‘a test 
“specimens “shall be ‘eapped_ with a ‘thin layer of cement paste in 


~ order that the cylinder ‘may present a smooth end for testing. | The. cap cal 
ey. - best be formed by means of a piece of plate- -glass, 2 in, thick and of a diameter 
or 3 in. larger than that of the mould. plate is worked on the fresh 
a cement paste until it rests on top o of the form. The cement for capping should 
ve be mixed toa . stiff paste | some time before it is to be used, in order to avoid 

the tendency of the cap to shrink. __ Adhesion of the ‘concrete to the top and 
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—Removal of Specimens Forms.—At the end of 48 hours the test 


specimens shall be removed from the , moulds and buried in n damp sand, 
in case the moulds shown in Fig. 80 are. used; in this ¢ case, test ‘ecialie : 
may be buried in damp sand without removal 7 the mould, thus — * 


shipping of the test specimens in the moulds. AL 
—Storage Specimens.— tsi Mule 


The test ‘specimens shall remain buried in sand until 10 days 
prior to the date of test. _ ‘They ‘shall then be well packed in damp sand or 


wet shavings and shipped to the testing laboratory, where they shall be stored 


either in a moist room or in 1 damp sand until the date of test. wyig oT ae ae 
- (bd) Should a 7-day test be required, the test specimens shall remain at 


the works as long as possible to harden and then shall be. shipped 80 as to 


arrive at the laboratory i in time to make the test on the required date. ny wee 
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“CAST. TRON PIPE ‘AND. CASTINGS* 


30 Deere ai bo: ad godt iede ol) of 
[lade vodt Description or Pires 

—The pipes” shall ‘made with: hhub- and- -spigot joints, ‘and: shall ac- 


conform to the: dimensions | given in Tables 20 and 2 They shall 
be straight and shall be true circles © in section, with their inner and outer 


surfaces concentrig, and ‘Shall be of the e specified dimensions in outside diam- 


. a each size from 4 in. to 24 in., » inclusive, there shall be two standards of outside 


diameter, and for pipes from 30 in. . to 60 in., en shall be four | 


standards of of outside diameter, as shown by Table 
All pipes having the same outside: diameter shall have the | same inside 


6 in. from each end of the as to the standard 
weight for each size and class of pipe. 


Pipes whose standard thickness : and weight are intermediate between the 
classes in 1 Table 21, , shall be made of the same outside diameter as the next 

_ heavier class. Pipes whose standard thickness and weight are less than shown 

by Table | 21 shall be made « of the same outellle diameter as the Class A pipes 
and pipes whose thickness and weight are more than shown by Table 21 shall 
be made of the same outside diameter as the Class D pipes, a ait] 
ee For pipes 4 in. to 12 in., inclusive, one class of special castings shall be 
furnished, made from. Class D- pattern, Those having “spigot ends shall have 

outside diameters of spigot ends midway between the two standar of out: 
side diameter as shown by T able 21, and shall be ‘tapered b back ¢ for | ae distance 

* 3) of 6in. For] or pipes from 14 in. to 24 in., inclusive, two classes of special cast- 
i ings shall be furnished, Class B special eastings with Classes A and B pipes, 

— and Class D special castings with Classes C and D pipes, the former to be 

7 aff stamped “AB” and the la latter to be e stamped ‘ ‘CD. m For pipes 30 in. to 60 i in, 
m inclusive, four classes of. special castings shall be furnished, one for each class 


of pipe, and shall be stamped with the letter of the class to which they belong. 
VARIATION: IN oF AND SocKETs = 


"The diameters 
the sockets the outside of the bead of pipes shall not 


 * These specifications are issued by the American Society for Testing Materials, under 
the fixed A 44; final number indicates the of 1008 adoption a! 


eter. S They shall be at least 12 ft. in length, exclusive of ‘socket. | For pipes of | 
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vary from the standard dimensions by more than 0. 06 in. 7 pipes 16 i in. or 
less in diameter; 0. 08 in, for 18- -in., 20-1 -in., and 24- in. 0. 10 in. for 30-in., 


+r 
ton | TABLE 20.—GENERAL Dimensions | or Pip 
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 Diamerzr oF or Sockets. 


= 


Nominal 
ininches.| = inches.|__ Pipe, Special 
ban sind in inches. |, in i castings, 
2en the 
3.50. | 4.00 1.5 0.65 
1e next 5.80 8.50 4.00 | 1.5 0.65 
9.85 4:00 4.00 | 0.75 
10.10 4.00 | 4.00 | 1.5 0.75 
21 shall 12:20 to | 40 | 0:40 
14.00 400 | 400 155 0,80, 
14.30 4.00 | 4.00 | 1.5 0.85 
hall be 16.10 4.00 | 4:00 | 1.5 0.85 
4 18.80 4.00 | 4.00 | 1.75 | 1.00 
of out #18 29:50 | 20:50 | 4.00 | 4.00 | as | 0.95 
stance | | | 400 | | | 100 
.60 .60 00 | 4.00 | 1. 
23.06 | 23.06 | 4.00 | 4.00 | 1:75 
C—D 82 27.82 4.00 | 4. 2.00 1.25 
3 pipes, ry 82.74 | 82.74 | 4. 2:00 115 
39.30 | 39.80 | 4.50 | 4.50 1.40 
C 39.70 | 89.70 | 4.50 | 4:50 | 2:00 | 1.60 
D 40.16 | 40.16 4.50 | 4:50 | 2.00 1.80 
A 45.20 | 5.00 | 5.00 | 2.00 Ly (1.40 
nike 45.50 | 45:50 | 5.00 | 5.00 | 2.00 . 1.50 
46.10 | 46.10 | 5:00 5.00 2.00. 
46.58 | 46. 5.00 | 5.00 | 2.00. 1.95 
51.50 5.00 | 5.00 | 2.00" 1,50 
bere 51.80. 5.00 | 5.00 | 2.00 | 1.65. 
willbe 52.40 (6.00 | 5.0 | 2.00 | 1.95. 
wi 52.98 5.00 | 5.0 |. 2.00, | 2.20 
eters of 57.66 6.50 | 55 | 
hall not 58.80 5.50 | 5.50 | 2.25” 2.15 
59.40 5.50 | 2:95 ¢ 
1s, under 63.80 (5.50 2.25 | 1.70 
ton 64.40 2.25 1,90 
D 65.82. 5.50 2:25 | 2.60 
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ai 


Vig 


of body of the pipe shall not be more 0.08 ‘in, leas | 

o the standard thickness; and for pipes whose standard thickness is 1 in. orf 
more, the variation, shall not exceed 0.10 i in., except that for spaces not exceed- | 


ing 8 in. in length in any direction, variations : from ‘the standard thickness it 
of 0.02. in. in excess of the allowance above given, shall be permitted. | dl . 


special castings of standard a variatign of greater than 
allowed for straight pipe shall be permitted ints ot 


FECTIVE» Spicors | May Be Cur * 
De fective spigot ends on pipes 12 i in. or more.in diameter may be « cut off 


a lathe, and a half-round -wrought-i iron band shrunk into groove cut in 
the end of the pipe. ) Not more than 12% of the total number | of accepted 
pipes of each size Shall be cut and banded, and : no pipe shall be be banded which 


is less than 11 ft. in length, exclusive of the socket. xf cfeicaenicaties ec ol 


case the length of a pipe differs from 12 ft., ‘the standard weight of the 
given in Table 21 shall be modified i in aevordance therewith. jel 


5.—All special castings shall’ be wide’ accordance with the euts and 

; re dimensions given in the table forming a part of these specifications. _— 
_ The diameters of the sockets and the external diameters of ‘the bead end § 
of the special castings, shall not vary from the standard dimensions by more ‘ 
than 0.12 in. for castings: 16 in. or less i in diameter; 0. 15. in. . for 18-in., 20-in, 


p.§ and 24-i -in. pipes ; 0.20 in. for 80-in., 36-in., and 42-in. pipes; and 0. 24 in, for ‘ 


-in., , 54-in,, and 60-in. pipes. ‘These only to special ca castings 

«The flanges on all manhole castings: and manhole covers ‘shall, be faced 1% 
& a! true and smooth, ‘and drilled to receive bolts of the sizes given in the table. 
The manufacturer  dhall furnish and deliver all bolts for bolting on the ma § 

hole covers, the bolts to be of the sizes 8 shown on plans and made of the bet wi 
3 quality of mild steel, heads and sound, well-fitting 


6.—Every ‘special casting’ shall have distinctly cast up upon it af 


tk the initials of the maker’s name. When cast. especially to order, each pee 
a and special casting larger. than 4 in, may ‘also have cast upon it figures showing 
7 the year in which it was cast ‘and a number signifying ‘the order in poiat 


| 


of time in which it was the denoting the year being above and 


Feared 


also any initials, me exceéding four, v 
purchaser. The letters and and figures shall be c 
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a” sa met lees than 2 in. in length and 4 in. in relief for pipes 8 in. in diameter and 

For smaller sizes of pipes, the letters may be length. ‘The 

weight ‘and the class letter shall be conspicuously painted in white. on the 

each pipe and special casting after the coating has become hard. 


1 PERCENTAGE OF VARIATION IN WEIGHT 
ing —No pipe shall be ac ‘accepted the weight of which ‘shall be than 


standard” weight by more than 5% for pipes 16 in. or less. in ‘diameter, and 

4% for pipes ‘more than 16 in. in diameter; and no excess o38 above the standard 

weight of more than the given percentages f for the —— sizes shall be paid 

for. _ The total weight to be paid for shall not exceed for each size and class je 

pipe received the sum of. the sta weights | of the same number of 

Pieces of the given size and class more than 2 per cent. g 

. No. special casting shall be accepted the weight of which shall be ‘len 5 
than the standard weight by more than 10% for 1 pipes 12 in. or less in ‘diam 

eter, and 8% for larger sizes, except that curves, , Y-pieces, and breeches pipe § 


‘may be (12% below the standard weight, and - no excess above the standard 
= of: more than the above percentages: for the several sizes will be paid for. 
ae variations apply onl to castin made from the standard : atterns. 


tough, a 


cutting. ‘The metal ‘shall be made without any admixture of cinder iron ot or 
other inferior metal, and shall be re-melted in a cupola or air furnace. aa gi 


wa “9.—Specimen bars of the metal used, title’ 26 by 
wide, and 1 in. . thick, aah be made without charge as often as the Engineer wW 
7 may direct, and, in default of definite instructions, the contractor ‘shall make § tl 
and test at least one bar from each heat or run ‘of metal. ‘The bars, when 
- 7 placed flat-wise on supports | 24 in. apart and loaded in the center, ‘shall, for d 
pipes: 12 in. or less in diameter, support a load of 1900 lb. and show a deflec- w 

tion: of not less than 0.30 in. before breaking; and for pipes of sizes larger wy 
ae 12 in., they shall “support t a load of 2 000 Ib. and show a deflection of not not 
Jess than 0. 32 in. ‘The contractor shall have the right * make and break three th 


from each heat. ¢ or run of the test shall: be based on the | 


—The straight pipes" shall be cast in dry sand moulds in a vertical 


_ Pipes 16 in. or less in diameter shall be cast with the hub end up orm w 
dows, as specified in the properal, Pipes 18 in. or more in diameter shall be ‘th 


| 
> | 
= 
te 
b 
3 q and of such character as shall make the metal of the castings stro1 
of even and eno to admit satis ily 
a. 
> 
sv 
a 
‘| 


if "SPECIFICATIONS FOR CONCRETE AND REINFORCED CONCRETE 
The | pipes shall not be stripped or taken from the pit while showing color 


of heat, but shall be left in the flasks for a ‘sufficient length of of time to nis 


unequal contraction by subsequent exposure. 


Quauiry oF CAsTINGS 


1—The pipes and special -eastings shall smooth, free 


lumps, blisters, sand- holes, and defects of every nature which unfit them for the 


“use e for which a are intended. No plugging o1 or » filling - will be allowed. 

be paid 


1d. class 


a 
nber of ‘trey « and free from rust, and in respects | the En- 


:13.—Ever al casting shall be coated inside d t with 

ipe an ig in oa si an ut with 
es pipe y pipe  specia cas' shall be coate inside ¢ out 


coal- -tar pitch varnish, The varnish shall be ‘made from coal- tar. this 
aid for. ‘material sufficient oil shall be added to ‘allied a smooth coating, tough and 
; tenacious } when cold, and not brittle, nor with any tendency to scale off. 


Each casting shall be heated to temperature of 800 ° Fahr. immediately 
Aes it is dipped, and shall | possess not less than this temperature at the : 


time it is put in the vat. The ovens in which the pipes are heated shall be 
| arranged so that all portions of the pipe shall be heated to an even temperature. a 


ng and Each casting shall remain in the bath at least 5 min. 
| 
iron or The varnish shall be heated to a temperature of 300° ‘Fahr. (or less if 
“the E Ingineer shall 80 order), and shall be maintained at this temperature | 
during the time the cai casting is immersed. 


ie Fresh pitch and oil shall be added when necessary to keep t 


‘the proper consistency, and the vat shall be emptied of its contents and ‘refilled Z 


with fresh pitch. when deemed necessary b by the Engineer. '. ‘After being coated, 
the pipes shall be carefully drained of th surplus varnish. pipe or 
special casting ‘that is to be re-coated ‘shall’ first be thoroughly scraped 2 and 


larger 14.—When the coating has become hard, the straight pipes be b- 

1 of al ‘jected to a a proof by “hydrostatic pressure and, if required by the Engi eer 

ak they shall also be subjected to a hammer test under this pressure. ero, x 

on The pressure to which the different sizes 3 of pipes: shall | be 

subjected are as follows (Table 22). of tom, 

«1. and special castings shall be weighed for ‘payment, 

the supervision n of the Engineer after the application. of the’ coal- tar "pitch se 
varnish, desired by 1 the Engineer the pipes and ‘special castings shall be 

. weighed after their delivery, and the weights so ascertained shall be used in nee lg 
the final settlement, provided such’ weigh ring. is done by. a legalized 


wb an short 


= 
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3 


and larger, in pounds ameter, in pounds 


Class 


se 16.—The contractor shall provide all tools, testing machines, materials, and 


men necessary for the "required testing, inspection, and weighing at. the 


foundry of the ‘pipes and ‘Special castings; ; and, should the purchaser have 
no inspector at the works, the ‘contractor shall, if required by the. Engineer, 
furnish a sw worn, statement that all the tests have been made as’ specified, this 


‘Statement. to contain the results of. the tests upon the test-bars. “oa 
fon 


Engineer shall liberty at all times to inspect the material 


at the fou ndry, and the moulding, casting, and coating of the } pipes and special 
castings. | The forms, sizes, uniformity, conditions of all pipes and other 


_ castings herein referred to shall be subject t to his inspection and approval 
and he may reject, without proving, any pipes or ‘other ‘eastings which are 


in conformity with the specifications or drawings. 


Inspector To Report Lio baw dorig deen’) 


The ink the foundry shall report, daily to the foundry 
all pipes and special castings rejected, with the causes for rejection. — gales: 
b ro Be Deniverep Sounp PERFECT an viten: 


19. the pipes: and. other castings must be delivered all respects 
sound an and conformable to these specifications. The inspection shall not relieve 
the contractor ‘of any of his obligations in this respect, and any defective 
pipe or other castings which 1 may have passed the Engineer | at the works ot 
elsewhere shall be all, times Hable: adoption, when until the 


‘shall not held liable. or to be 


‘ cracked after t they have been accepted at the agreed point of delivery. _ Care 


tia 


shall be taken in handling the 1 pipes not to injure the coating, and no pipes 
material of a any kind shall be placed in the 


thai 20. —Wherever the word “ “Engineer” is used herein it, shall be understood 


~ to refer to the Engineer or inspector acting for the purchaser and to his 
properly authorized agents, limited w te particular duties entrusted to them 
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(ec) Tamping Rod.—The tamping rod shall be a straight metal rod, } in 


blunt bullet-shape point, 


16, ‘cent. (62° Fahr. )t by the weight of water at 16.7° cent. (62° ‘Fabr.) 


rs] ATIONS FOR CONCRETE AND REID {FORCED CONC RE] 


WEIGHT OF AGGREGATE FOR CONORETE* | 


ator! Hit og Serial Designation: Cc 29-21. om ni 
—The unit weight of fine, coarse, or mixed aggregates for concrete shall 


by the following method: 


consists: of ‘a cylindrical measure, a 


true even, and preferably provided with 


nding on the ‘maxi- 


4 


dimensions (Table 23). 


Minimum thick.| 7 Diameter of 
Capacity, Inside Inside Minimum thick- oat particles : 


lar; 
— diameter height, ness of metal, 
in cubic feet. iminches; | in inches. Gauge. 


Se 


in diameter and 18 in. Jong, with one end tapered for a distance of 1 in. toa 


fo —Calibrating the Measure.— —The measure shall be calibrated by y accurately 
the weight of water at 16.7° cent. (62° Fahr.) required to fill 
The factor for any unit ‘shall be obtained by dividing the unit weight of water 


4—The sample of aggregate shall be room- -dry and thoroughly mixed, 


the The mass | shall | be with the pointed ¢ end of the 
rod twenty-five times, evenly ; distributed over the surface. The measure shall 


be filled two-thirds full and : again tamped twenty-fiv -five times as before. 


 *This method is issued by the American Society for Testing Materials under the fixed — 
designation C 29; the final number indicates the year of original adoption as standard, or 
s the case of revision, the year of last revision, Proposed as tentative, 1920; adopted, 1921, 


Bas unit weight of water at 16. ” cent. (62° Fahr.) is 62 355 Ib. per cu. ft, nic aia 


apers, Pape 1275 ; 
1 20-in. 
1 pounds | 
einch. ° 
at the (b) M easures.— The measure shall be of metal, preferably machined to 
er have accurate dimensions on the inside, cylindrical in form, water-tight, and of | 
oe 
AF 
is 
q 
Under % 
Under 1 
Over 1% 
3 
Care 
10 pipes 
— 
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FOR CONCRETE AND CONCRETE [ Papers, | 


and the 
aggregate struck off, using the 1 tamping rod a as. a straight edge. 
. , In tamping the first layer, the rod should not be permitted to forcibly strike 


bottom of the "measure. Int tamping the second and final layers, only 
oo ough force to sas the Sacaieer ‘rod to penetrate the last layer of aggregate 
,. placed i in the measure should be used. No effort should be made to fill holes 

deft by the when the aggregate is damp. 


if 
ff (b) ‘The net weight of the the aggregate in the measure ‘shall be determined, 


The unit weight of the as aggregate shall then be obtained by multiplying the 


weight of the age regate by the factor found as described in Section 3. 3 


Accuracy —Results with he: sample should check within 1 per 


1 


od 


(her hae been 7 agreed point of 
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SPRCIFIC: ‘ATIONS FOR CONCRET 1D REIN FORCED CONCR 


APPENDICES 


OR CONCRETE OF A GIVEN | COMPRESSIVE 
STRENGTH AT 98 DAYS 


The ti table g gives the proportions in which Portland cement ‘and a wide range 

in sizes of fine and coarse aggregates: ‘should be mixed to obtain concrete of 


“compressive strengths ranging from 1 500 to 3000 lb. per sq. in. at 28 days. 
Proportions are given 3 1 for concrete of four different 
- 1—To furnish ¢ a | guide i in the selection of mixtures to be used i in prelim- 
investigations of the strength of conerete from given ‘materials. 


indicate proportions which may be expected to produce conerete 
2 Pid a given s en ‘under average conditions where control tests are not made. — 


without tests of ‘the m ma rial and control tests are not made 


the proport d in wor k are selected from the 
during the progress of the w work, mix tures in bold- face ‘type shall be 


mixtures 18 


based on following: 


1. —Concrete shall be pl plastic; 
—Ageregates shall be clean and structurally sound; 
shall be graded between the sizes indicated; 
iz _—Cement shall conform to the requirements of the “Standard a Specifion- 
tions and ‘Tests for Portland Cement (Serial os 


is The p plasticity of the con if 


— out in accordance with the “Tentative Method of Test Sow Consistency of Port 
_ land Cement Concrete for Pavements or for Pavement Base” (Serial Designa- 2 
tion: D 138- 22, of the American Society for Testing (Appendix 


ply ‘loving rules in determining the to given 


the : maximum sizet and the next smaller sieve. | 


—Not more than 15% of a coarse aggregate shall be finer than the sieve 


a - * Based on the 28-day compressive strengths of 6 by 12-in. cylinders, made and cored 
‘in accordance with the “Tentative Methods of Making Compression Tests of Concrete” (Serial te 
Designation : C 39-21 T) of the American Society for Testing Materials (Appendix XII). 


. se example: a graded sand with 16% retained on the No. 8 sieve would fall in the 
0-No. 4 size; if 14% or less were retained, the sand would fall in the 0-No. 8 size. A coarse — 
caeciaaaiaa having 16% coarser than han 2-in. sieve would be considered as 3- 


~ 
| 
| 
i we . 
— 
~PROPORTIONS* 
7 
| 
| 
ee 
> 

= 

4 4 

q 
| 

4 oft al 


— 


(Papers 


—Sieve analysis shall be made in accordance with the “Tentative aed 


of a for Sieve Analysis of Aggregates for Conerete” (Serial Designation: = 
C 41-24 T) of the American Society for Testing Materials Aapenn VITt). 


Proportions may be i nterpolated for concrete strengths, aggregate 
consistencies not covered by the table or determined | by test. 
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FOR CONCRETE AND REINFORCED CONCRET 


Thus 1:2.6:4.6 indicates 1 part by volume of Portland: ‘cement, 2. 6 parts 
by volume of fin fine aggregate, and 4. 6 parts bind = of coarse aggregate. val 


- Size of coarse i 


te 
segregate inches | 9 _ No, 28 


a: 


1:16 


:2.6:46 | 1:2.9:43 
Ato Min. 7 : 1.8: 3. :2.0:3.2 | 1:2.3:31 
10 | 25 | 1:13:24 | 1:15:24 


| | 1:24:53 | 1:2.7:5.2 | 1:31:50 
“No. 1 in,.., | 1:24:47 | 1:24:24. 1:2.7:4.4 | 
| 121.623. 1:1.8:3.8 | 1:2.4:3. 1:2.4:3.5 | 1: 


A: 1.2: 1.2:2.8— 21.4: 2. 1:1.6:2.7 A: 21.9:2.5 
:2.7:5.9 | 1:34:58 | 1:35:54 | 1:44:5.1 


1:2.3:5.3 1:2.7:5.2 1:3.0:5.0 1:35:46 | 


(1:1.8:4.3 | 1:20:43 | 1:23:40 | 1:2.7:3.9 
1:1.1:3.2 1:1.3:3.2 1:1.5:3.1 1.8: 2.9 
1:24:68 | 1:28:68 | 1:34:66 | 1:3.7:64_ 


1:18:62 | 1:20:61 | 1:24:61 | 1:27:60 | 1:3.4:5.7 
14:5. | 1:16:50 | 1:18:50 | 1:20:50 | 1:24:48 
:0.9:3.8 | 1:10:38 | 1:11:38 | 1:13: 


1:2.8:5.2 | 1:34:51 1:3.6:4.8 24.2: 46 1:48:44 
1:2.4:4.5 22.6:4. 1:3.1:4.3 | 1:3.6: 
1:2.4:3.6 | 


re 1.9: 2.6 


> 
q 


™ :3.9: 
A: 3.3: 5.6 


3.0:4.5 
21.9: 


wk 


:2.8: 
1:21: aa 
(1:1.4:3.4 


3.2:7.1 
1:27: 


Fan 
pers. 
ying 
thod 
sion : 
— 0-%in 
0-No.4 O- %in. 
Mtol | 1:28 | 1:28 =. | 
: 
y 
” 
co 6.6 1:3.0: 6. 1:3.735. 
ina | 1:2.7:6, :2.6:5.9 | 1:2.9:5.8 | 
% to 2in...... “7 | 1:18:49 | 
¥ to ‘1:32:48 | 1:36:46 7 | 14:35:34 
14in. me 6*7 1:2.1:40 | ~ 0 4 £1.9:2.9 1 $2.2 $ 2.8 a 
| tol 1:3.0:6.3 | 1:3.4:6. | a:aarea | 1:35:49 
4 


ie 1:2.6:4.6 indicates 1 part by -volum me of Portland cement, 2.6 parts: 2 


volume of fine 4.6 parts by volume of coarse aggregate 


- Size coarse 
ageregate — 


a, SizBor Fine AGGREGATE 


in 


0-No. 


1:3.6: 2.8 
2.4 
4:2.3:24 
1:1.5:1.6 
:3.4:3.6 
ter 2.8:3.2 
ie: 2.1: 


1:1.7:2.5 
(1:1.0:1.8 | 
1:1.9:4.5 12.5242 
1:16:3.9. 21.8: 3. 2.1.2:3:7. ; 
1:1.2:3.1. 1:1.5:3.0 | 
1 3:0.7-2:2.2 20.8: 2. 41: 


1.0:2.3 
1:2.7:4.6 
1:2.4:4.0_ 
No. 1:1.7:3.4_ 
« 
1:2.4: 5.6 1:2.8:5.5 
A: 2.0:4.9 | 1:2.3:4.7 
(1:1.7:3.9_ 
1:0.8: 
:3.3:3.8 | 1:38:34 
:2.8:3.4 
2.1: 1224225 


} 
x 


at 

n 

! 


1 


125: 


| 


1: 1226: 

1:14:39 | 
(1:09:29 | 1:10:29 


2.5:4.7 
1:18: 3.9 


4.2 


4: 3.2:3.6 
2.4:3.0 


1:36:50 


1:3.1:4.3 
1:23:36 


1:2.9:4.5 1:3.3:4.4 
1:2.5:3.9 | 1:28:38. 
3.2 | 1:24:31 

222.3 A 1.4:2.2 


2.8:5.2 
1:2.4:4.5 
(1:2.0:3.7 
121.0: 2.6 1213226. 
132.9 25:9 


1:2.7:4.4 


123:2:5.9 


1 
(1:15:41 
1:1.0:2,9 


22.5: 6.0 


1:2.4:5.2 
1:1.7:42 
1 : 


7 


1:2.0:4,2 
121.3: 3:0: 


1:3.6: 5.8 
1:3.1:5.1_ 
1:2.3:4.2. 
121.5 23.0 


1:35: 


Proportions are expressed 
No.28 | 0-No.14 | | 0-No 
1:2.6:2.8 
1:19:23 
— 
| 
| 7 
— 
in. 6°. 7) 1244235 124.3224 | 1:15:23 
| | 1:43:39 
34 | 1:22:39 | 4:27:28 


Papers.] 7 SPECIFICATIONS Ft FOR CONCRETE AND REINFORCED CONCRETE 
PROPORTIONS FOR 2 500 Ls. per Sq. In. Concrete. “a 


Proportions are expressed _b; by» volume as follows: Portland ; fine 
ny _ Thus, 1:2.6 4.6. indicates 1 part by volume of Portland cement, (2.6 parts 


by: volume 0 of fine aggregate : and 4.6 parts by volume of coarse ‘aggregate. — vod 


= 


Size of coarse 


| od: 2.1 
12.4: 


2.0:2.4 
(1:15: 2.0 
1:0.8:1.4 


1:1.0: 2.5 21.1:2.5 | 1:1.3: 2.40 
1:0.6: 1.7 A: 0.7:1.6 


1:13:49 : 1:1.6:4.9 21.9: 4.8 
| 121.224, 1213243 | 1:16:42 
1:0.9:3.4 | 1:1. 
2 | 1:2.4:2, 1:0.5:2.2 | 1:0.6:2.2° 
1:18: :2.3:3.5 
1:1,4:3. 6:3. 29 | 26 
1:1.0:2.5 | 1:4.2:2.5 | 1:13:24 | 1:16:23 | 


"10 
1:2.7:4.4 

1:2.3: 3.9 
1:1.6: 


1:0.9: 


1:2.9:4.3 

1:2.5:3.7 
1:2.0:2.8 
:1.0:2.0 | 1:12: 12.00 
(|. 1} :2.0:5, 22.2:5.0 32.5.5. ae 2.7: so | 
| 1.7: 4.3, 32.4 34, it: 2.4: | 22.7:41 
21.2: 2.3 


{ 


q 
[Papers, 
6 parts” 
8 4:1.6:3.2 | 4: 12.7 | 1:1.7:2.6 1:1.8:1.8 
1:1.3:2.8 | 1:1.5: 2 | 1:1.3:24 i 1:10:13 
7. 1:0.5:1.7. 1 | 1:22:40 | 1:25:38 
1: 3.8 No. 4to1\% In.. 6 7 
her ¥% to 1 ‘| 1:1.6:3.6 1:1.5:2.7 | 
2:3 | 1:2.0: 3.8 ° 0:33 1:2.2: 3,2 £1.9:2.5 1:2.1: 2.3 
4.0. 
35 
2.60 | 
5.6 
| 
49 


SPECIFICATIONS FOR CONCRETE AND REINFORCED CoN ‘CRETE ‘[Papers. 


Ls. PER In. — 


Portland cement: “fine 


— Thus, 1:2.6:4.6 indicates 1 part by volume be” Portland cement, 2.6 parts” 


by volume of fine and 4.6 parts by volume of coarse aggregate. 

1 TAU 


a 
Size of coarse | Slump, ir 


~ 


“No. 4 to 1¥6in. 


Ea: | 


00 
CF 
— 


om 


3 


ae S 


— 


: 0.7: 2.6 


1:0.4: 14 
:1.0:3.4 


1 20.4: 1.6 


2.0 
1:0.4: 


:3.5 
1:0.8:2.2 
le :0.4:1.4 
—:1:0.6: 2.7 
1:0.3:1.7— 


1:1.8:2.9 
72.5 


1:1.0: 
1:08: 


2.9 


1.9 
1.2 


1.0: 


3.4 
1:1,.4:2.9 
1:1.0:2.2 
1:0.5:1.4 


1:1.3:3.3 
1:0.9: 2.6 


1:2.0:3.7 


1:1,6:3.1 


4:11: 2.4 1:1.1:2.4 


da 1 
1:1.6:3.6 
1:1.1:2.6 


1:0.4:1.7 


1:24:26 


1320222: 
1:13:18 
1:2.3:3.1 


1:1.6:4, 
— 


1:1.3:2.0 
1:0.7:1.3 
4 


110.6: 1.6 

4:2.7:2.9 
2.5. 


1:1.5:2.3 
0.8: 1.5 

| 
1:08: 


— 
— 
= 
1:10:23 | 1:21.2:2.2 1:1.4:2.2 | 1:16:20 | 1:19:18 
120.7207 | 120.82 1.7 1:09:47 | 1:10:16 | 1:13:14 
1:0.4:1.0_ 1:05:10 ] 1:05:10 | 1:06:09 
"4 | 1:09:2.7 | 1:14:26 | 1:1.2:26 | 1:14:25 | 121.7223 
6 1: 0.6: 2.0 1:0.7: 2.0 1:0.9:1.9 1:1.1:1.8 
10 1.2 | 1:03:12 1:0.5:1.2 | 1:06:12 
1:0.9:3.0_ 1:1.0:2.9 1:14:29 |.1:16:27 
1:0.6:2.2 1: 0.7: 2.2 1:0.9: 2.2 1:11:21 
“10 1:0.3:1.4— 1 20.3213 1:0.5:1.4 1:0.5:1.3 i 
1:08:34 | 1:09:34 1:1.1:3.4 
6*7 | 1:05:26 | 1:0.6:2.6— 1: 0.7: 2.6 
1:04:12 | 1:0.4:1.2— 1:0.6: 1.2 
1:04:16 | 1:05:16 | 1:05:16 | 
1:1.6:3,.2—] 1:1.8:3,2 | 1:21:32 | 1:2.4:3.1 
1:0.9:2.08) 1:1.0:2.1 | 1:12:20 | 1:1.4:2.0 | 
1:05:12 1:0.6:1.3 | 1:07:13 | 1:08:12 
| 1:0.9:2.4 1: 1.3:2.4 
E -1:0.5:1.5 1:0.7:1.5 | 
(1:16:42 | 1:18:42 1:23:41 | 
1:13:35 1:1.9:3.6 | 


SPECIFICATIONS. FOR CONCRETE CONCRETE 


OF OILS AND MISCELLANEOUS LIQUIDS ON CONCRETE 


ffect on untreated concrete. 


Good « concrete unaffected. Very oo Good concrete, well spaded, 

re slight surface penetration. cement mortar finish sufficient. 

Fuel oils above 30° Bau- ) ,| (Coatings of the magnesium fluo-sili- 

me.  Distillates, gas eate class, glues, or varnishes re- 

and lubricating oilst.. ia quired for tanks. 


Gasoline- proof “coatings producing 
Kerosene, gasoline ben- Good concrete unaffected. Con- 


ANIMAL Oits (SoLID Fats).$ 

‘Lard and lard oil. attack conerete slowly, ommended by manufacturers of 
ticularly if i in ‘melted condition. technical 

beef and mutton tal- { Probably similar to that for lard oll 


low, and tallow oil.... 


.|No. effect on concrete. coatings no better than plain 
a: *{ |More or ‘less disintegration, de- a 
er of oil.. “Pending on quality of concrete. ommended by manufacturers of 
Sealand whale oi oil. 


technical paints, 
Neat’ s foot § No treatment required. 


shiv: f action if stored in closed | have Growed 
Cocoanut | Sodium silicate or magnesium fluo- 


Signal oil, used by railroad companies, mixture of animal fat with mineral oil. 
has about the same effect on concrete as lard oils. dir otets 


Some lubricating oils are mixtures of mineral and animal oils, 


tu -§. Bureau of Standards tests with concrete tanks show slight roughening of sur- 4 
face at end of 12 months and considerable deposit on surface through saponification, = 


., $U. §. Bureau of Standards noted slight deposit due to saponification at end of 12 months. 


eis - U. 8. Bureau of Standards tests with concrete tanks show considerable softening and 


- Toughening of surface at end of 12 — 
oa’ 
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pers, 


—(Continued.) 


XVIL.— 


Effect on untreated concrete. 


Surfacetreatment. 


d 


4 


Drying: 


Linseed 
Rosin oil 
Turpentine........ 


No in formation. ea 


No on good 8 tests indicate various coat- 
q 


Considerable penetration of tur- ings no better than plain concrete 
Semi- Drying: ; j ie ak 
o action if stored in close _ 
Cottonseed oil "of good concrete. 
Rapeseed oil.. Progressive disintegration if inj © 


] 


for linseed and rosin oils. 
H 
uteite 


Adiin 
_Non-Drying: 


Olive oil........ Probably some. action. < 


Rola 

5} 


Acid liquors show considerable 
Other extracts 


i effect. 
ie have no moaction. 


Sulphite liquor.. 


Cider: Mave d attacks 


“eile 


No action on good concrete. _ 7 


More or less action depending on 


| Quality of concrete. hid 
STS TOMY | 


pe 


a 


No outta on good concrete. _ 


ak 


Sulphuric acid oncrete 


MiscELLANEOUS 


Progressive disintegration. par- 
| ticularly where concrete is sub- 


Bituminous acid- proof paints effective 

for tanks holding acid tanning solu- 
tions. Good concrete with or with-— 

out mortar finish sufficient for other 


j Cushman’ s tests | indicate bituminous» 


acid-proof paints effective. Paraffin 


Cushman’s tests indicate bitumi 

acid-proof paint effective. Paraffin 
coatings bot also useful 


8 show special treat 


ments no better than 


concrete. 


tests show proprietary 
coating of varnish type effective. 
Sodium silicate treatment used 


{ Untreated tanks use used successfully to 


Good concrete well spaded or ‘finished 
7 with cement mortar sufficient. 
mixture sometimes used. 


| Bituminous _acid-proof o mastic. 
coatingeffective. = : 


JU. S, Bureau of Standards noted at end of 12 months considerable deposit on surfaces 
of concrete tanks containing both boiled and raw linseed oil, due to saponification, _ but con- 


ge 
— 
! 
4 
oatings of varnish type effective. 
tm 
 —— 
Tanning liquors......... 
..+.....|Attacks untreated concrete tanks 
| 
q 
| 


mM —All work shall be under the supervision of the Engineer, under whose 

- direction the work i is to be conducted in: accordance with the provisions of the 


the Engineer shall interpret ‘the 3 “meaning: and intent of the 
drawings and ulivdinns, and pass on he material and workmanship, a and 


his acceptance hall be a condition precedent to payment. — In case of disputes, 
or of unforesee conditions the decision of the Engineer as to eames 
quality, and acceptability of the work shall Pe binding 


tract. 
that lines and grades may be. conveniently and accurately placed. 


points or marks as may be given by the Engineer shall be carefully preserved — 
—The Inspector as a representative of the Engineer shall be in immediate 
Pn of the inspection of material and of placing material in the finished 


work, The Contractor shall at all times. give to the Owner, the Engineer, or, 
Inspector, entrance to the work and to the place of manufacture of any mate- 


ective 

rials entering into the work, and facilities fo for inspecting the work or ‘materials, 
with- 

other both. at completion and in. process of ‘manufacture and ‘construction. The 

manufacturer shall the Engineer such chemical and physical records 

— | of the materials a as may be required under the contract and any other records 
pertaining to the quality of the material that the manufacturer may possess 

be available for the information of the Engineer or 

ar’ 


eated work is ay according to the provisions of the specifications, as 


ae —The tests required under these specifications will be made by ‘the Engi- 


. neer and unless otherwise specifically provided for will be carried out at the — 
ex expense of the Owner. The Contractor shall afford e every opportunity for the 


AR 


proper ‘conduct of the tests and he | shall further provide such fe facilities for 


obtaining, handling, storing, and testing specimens and samples as the Engi- 
‘leer may require. such work the Contractor | shall ‘receive: compensation 


fy 6.—The inspection of the work shall not relieve the peer a of his obli- . 


‘gations under the contract. Defective work shall be made good and unsuitable 

materials even thoug such work and materials have previously been 
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articles in ‘the press and in » magazines during 


recent years on the ‘super-power systems of the country, and much attention 


id has been directed to what has been called the super-power system of the South- 
eastern. ern States, as illustrating one of the best developed power systems in 


BF a the United States. 4 Some of these articles have discussed at great length the | 
question of voltage control, switching troubles, and other operating difficulties 


& 


> to be encountered and solved. - Others have contained actual set- -ups for cond -— 
tions five to ten years hence, with maps of new lines which should be built, hal 


"have included tables showing the vast saving which will annually result i in the 

operation of such a sys em, such | saving being the direct result of improved load 
factor, concentration of generating ‘capacity in large plants at favorable 


locations, and utilization to. the maximum possible extent of all available 


Be - _ Power, even in times of high- water or flood conditions. * ‘The saving, 


expressed in dollars, under some ‘of these plans is $0. great that there is a 
marked tendeney to become over- -enthusiastic as to the immediate need ‘and 


possibility of the proposed system, and to forget the physical and financial 
problems ‘involved i in making predictions or drawing conclusions, 


should be remembered that the growth of a generating and 


system 11 in | any section of the country i is s distinctly ao in character, : 


a dguper’ power! system” (with, perhaps, the one exception of the systems ‘of Cali- 
fornia), were not built as a super- power system, but | as an interconnection of 


various high- -tension systems already. i in existence, so that the maximum inter- 
change of power could take place between these systems as a whole, operated 
from a purely ecomonical ‘standpoint. _ Tt exists ‘to- day as a group of high- 


4 voltage transmission lines" and ; generating plants which -were begun 


= an 1 were rapidly expanded until the distributing lines were nearly ah 

- ing ‘each other a at various ‘points, and the actual interconnection involved the 

construction of connecting lines of relatively short length. It is thus apparent 

that the interconnection n of these various systems was not the prime consider 


ation in their development, but a logical and purely secondary step. Ins some 
ases, the actual connection, rather than calling for additional “expenditures, 


=F 


es east, which to-day present the nearest approach to what's many writers mis- name 


aa 
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hed: to be regarded as a credit item, in that it obviated the necessity of dupli- 
cate or overlapping distributing circuits. _ ‘In only a few cases have the con- 
necting lines been built for their actual as an interchange power con- 
J "nection between the two companies, without any | consideration of the economic _ 
features of the proposed extensions based on the new loads to be served thereby. 
‘These. statements have been made with no desire to throw cold water on 


various -called super-power systems which have been proposed for different 


oe of the country, nor any lack of appreciation of the service which is 7 


a being rendered the power industry by the various studies which « engineers are 
devoting to this subject, but simply to suggest that such development as does 


place along these lines i in the next decade will be a one in which 


rather than the economies which will prevail w 


Kee 1902 and 1903, the first water- -power plant i in this sition was lags 
at | Morgan Falls, on the Chattahoochee River, 16 miles from Atlanta, Ga., and 
22 000-volt line was built from this point to Atlanta by a a company kha’ as 
2 the Atlanta Water Power and Electric Company. This plant consists of a 


ft... solid masonry dam ‘pbout 1 000 ft. long, and a power- house which con- 
seven 2 500-h. p., horizontal type, water-wheels, operating under a a head 
of 48 ft., direct connected to seven kw., 3- “phase 25- -eycle, 


current generators, having: a total capacity of 10 500 kw. with the necessary 


transformers for stepping up the generating voltage of 2 300 to 22 000 volts. It 
was built for operation at 25 cycles, and had an annual rated output of ‘approxi- 


ie 30.000 000 kw-hr., provided the load could absorb this amount of power. 4 


It was regarded at ‘that a very large hydro-electric development, and 


many famous engineers were consulted before its construction, was undertaken, 


{ir 


ey 


- 


the naines of appear on a bronze tablet in the plant. This plant is 


a now being re- Duilt as s a 60-cycle plant, w ,v ith a total installation of 15.000 kw. in 
j generating equipment a and 22500 h. p. in water- -wheels, by rewinding the 
generators and replacing the old water-wheels with new units of more modern i 

design. Mention of this plant i is made as being one of the first important water- 
r ‘Power ‘plants built in in the South, and also i ‘in order to show the difference i in out- : 


T 
“put of a plant operated on a , separately ot connected oad, with the same plant con- 
a ‘larger system, , such as” that under consideration. _ The Morgan 


changing it to 60-cycle, and connecting it. to ‘this large. ‘Power system, the 

“annual output has become more than 60 000 000 kw- hr. NP 

From. 1902 to 1912, the whole Southeast, including the City of Atlanta. 
extended from time to time to 0 supply the increased demands of the mre a 


f 


‘Falls plant was built with an expected output of 80 000 000 kw- hr., but after 


a rapid growth, and the distributing lines ‘around the city 
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~ and lighting loads, but the real : impetus in the power development of the ‘State 
came in the few - years” prior to 1912 with the organization of the Georgia | 


bs Power Company, when it ‘acquired the necessary lands and water rights and 
proceeded to develop the power in the Tallulah | River, at Tallulah F alls, Ga. 


The proposed plant was to operate under a head of 608 ft. and have an i imme- 
aa diate installation of 60 000 kw., with space provided for installation of an 
additional 12 000- kw. unit at a later date. ~The development attracted much 

attention on account of the high head involved, which at that time was the 
highest head utilized with any plant east of the Rock: y Mountains, and on 

_ account of the local opposition which was encountered in prosecuting the work. 


Fork many years prior to this date Tallulah Falls had been regarded as one of 
the wonder spots of Nature, where the continual roar of the water passing over 
the Falls, the gorgeous mountain scenery of 1 the section, and the delightful 


ie sum ner climate attracted many visitors each summer, and ‘the idea of taking 


the water from the river and passing it silently through | a large tunnel, pen- 
stocks, and water- wheels, to render a purely commercial service, rather than 


allow it to ‘continue ‘its natural noisy course from rock’: ‘to over the 
vexpant ba 


‘ precipitous falls at the head of the gorge, appeared to many to be little short 
of desecration, and some ‘people, including the State authorities, spent large 


sums" of “money in attempting to prevent the development. The reader may 


laugh, at this, forgetting that ft was necessary to ‘mount cannon on some of 


: the first ‘railroad trains to protect the trainmen from injury at, the hands of 


people i in the country through which it passed, and that practically every for- 
ward step in the world’s “progress has been bitterly opposed when first sug- 


It should be added at this point, however, that such opinions | are not now 


gener ally held, ‘and that even the people who most bitterly Gri ‘the > Tallulah 


on the grounds that it would destroy | ‘Nature’s handiwork are now con- 
Z vinced that the water of the Tallulah River i is performing a greater service to 


| 


Ls a mankind than before the development, as the power generated by this water is 
“a transmitted al all over ‘the State to help in lighting the homes of thousands of 
fortunate enough to spend a holiday season at Tallulah Falls. urthermore, 
el : by the v various ; dams above the Falls are equally as magnificent and have meant 
7 country the 
e total generating capacity of "the Meorgia, Railway and Power Company 
Morgan Falls Plant (Hydro)........... 500 
7 Butler Street Steam Plant, Atlanta... 10000 | 


people, whereas. before it could only be viewed or heard by a few who. were 
f it is universally agreed now that the mountain lakes. which have been. formed 
to immediate development of the surrounding 
January 1, 1914, was as follows: 
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strung along a steel tower line ‘Tallulah Falls Station to 
90 miles, a 50 000-volt, single circuit line on steel towers from Dunlap 
plant near Gainesville, Ga., to Atlanta, about 50 miles distant, two 22 000- volt 
circuits on “wood pole lines from the Morgan Falls plant: to Atlanta, a distance 
' of 16 ‘miles. | There was also one 110 000-volt circuit, 71 miles long, supported ‘ 
steel between Atlanta and Lindale, for supplying. the Lindale 
Station ‘and intermediate points along this ‘line, and one 110 000- volt. circuit — 
- from Atlanta to Newnan, Ga., also’ supported by steel towers, a distance of 
40 miles, these steel tower ities having been constructed i in 1912 and 1913, as > 
oa part of the Tallulah Development. Transfor mer ‘stations, of the most modern a 
design, with capacities of 3.000 to 30 000 kw., were ‘also erected to step down the a 
voltage from 110000 to 22000 or 11 000 volts at Lindale, ‘Marietta, Carters- 
ville, Newnan, Gainesville, and Atlanta, Ga. for supplying the low-voltage 
distribution circuits to be extended from ‘hese points as the demand for power 


Bl The anticipated output of the Tallulah Falls plant at the time it was con- 


structed was approximately 125 000 000 kw-hr. per annum, but the connected _ 
load on the Company’ s system at that time could not absorb this power, so . 
contract was negotiated with the ‘Southern Power ‘Company for a part of the — 
‘output, , and a steel tower line was built from Tallulah to Easley, S. C., support- = 


ing two 2/0 circuits, each good for a capacity of 20 000 kw., for 


‘Part of the. output from the new plant to the Southern Power System. he Oe. 
This 60-mile line, with a capacity of approximately 40 000 kw » was the 


first step in the interconnected system as it now stands, connecting the system — 


of the on Railway and Power Company with that of the Southern a 7 


Te. 


om ‘Pollowiiig this. initial | high-voltage line construction, just described, 
arrangements were for constructing 1/0 copper circuit on wood poles 
from the Tennessee System at Cleveland, ‘Tenn., into the northern part of 
State of Georgia, to serve the territory around Dalton and Calhoun, , and 
- this line w was finally extended to ‘Lindale, to connect with the Georgia System 
at this point to serve as a tie line between the two systems | as well as a ‘ae 7 
_ tributing feeder for the intervening territory. It was designed for and is 
tale operated at 60 000 volts, with a capacity of approximately 10 000. kw. The 
usefulness: of this line was ‘rapidly outgrown. A new 4/0, 110 000- volt, single 
- cirenit line was started in 1923 to connect Lindale with the Tennessee Power 
i System at Chattanooga, ‘Tenn., this line to heve a capacity of 25 000 to 30000 — 4 7 
ban The Central Georgia Power Company, operating in’ the central. ‘of ‘thie 
State around Macon, also soon n afterward extended a 66 000-volt double 


n is made ‘with’ ‘the 
Georgia) and Power at a station known as the South 


| The Power Company, som later, ‘extended its transmission 
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line about miles, Jong was next built the sub-station this 
- that of the Georgia Railway and Power Company at N ewnan, for the ‘purpose 

of tying these two generating systems together, and permitting the interchange 
ma of power between them. A daily interchange has taken place between the 


Columbus Power Company and the Railway and Power ‘Company 
‘since this interconnection was made i in 1914. has resulted in an immense 


has had available, and returning to the Columbus Power Company 
its heavy load hours in the day. di te 
In 1920, plans which had been under way for some time were finally con- 
and construction’ ‘was begun on a 110 000-volt, single. circuit, tie 
: line between the Gadsden Steam Station of the Alabama Power Company’s 
System and the Lindale Station of the . Georgia Railway. and | Power Company, 
which was completed and put under voltage during 1921. 
the. completion of the Alabama tie line referred to, in 1921, the Georgia 
Railway and Power Company’ 8 transmission system became the central unit 
of a ‘group of seven large power-generating ‘and transmission companies, = 
~ necting on the north with the Tennessee Power Company, on the east with the 
Southern Power Company « and the Carolina Light and Power Company, on the 
south with | the Central Georgia Transmission Company and the Columbus 


Power Company, and on the west with the Alabama Power Company, by means 


distribution lines of any of the other six systems. lt af 
198% The Georgia Company still operates the various small hydro- plants acquired 
al and the steam plants at Atlanta, but its | principal s source of energy is the water | 
“4 power of the Tallulah and Tugalo Rivers, which will next be ‘discussed in 


Pm The Tallulah and Chattooga Rivers unite to form the ‘Tugalo, as shown on 
Fig. 1, and the latter joins - the Seneca to form the Savannah, which forms the — 
boundary line between Georgia. and South | Carolina. | oo These rivers are fed by 
the. many small streams draining the eastern slope of the Blue Ridge Moun- . 
tains, where the altitude varies 750 to 3000 ft. sea level. 

territory, surrounding these head-waters enjoys: an annual precipitation on the 
average of approximately 70 in., a figure ‘exceeded by few sections of the United 
It is ‘Mountainous in character, and wooded, with an annual 


oe great as to make them ‘unsuited for any purpose eta power ‘development, 
and the region is so sparsely. settled that little difficulties have been | encountered - 
in acquiring the land necessary for s such development. git 
4 The original Tallulah Development previously mentioned consists of 
geen masonry | dam, 116 ft. high and approximately 400 ft. long : at the crest, 
7 — built across the Tallulah River immediately above the well-known ‘Tallulah | 
‘Falls (Fig. 2). It serves to divert the water of the Tallulah River to an intake 
built on the right bank of the s stream a short distance t up stream. 
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above the p power- -house is horse- shoe shape in cross- -section, about 11 


_ wide at the base, and 14 ft. high. | ¥ It is 6 666 ft. long, cut through | solid rock, 
and i is lined with concrete throughout its entire length, the slope of the teamed | 
being only 2 ft. per 1 000 ft. It discharges into the surge | tank, another 

a4 forced concrete structure, 30 by 7 0 ft. and 95 ft. deep, located at the top y of 
; the: gorge above the power-house, from which the - water i is passed to the wheels | 
in the power-house below v through six - steel penstocks s nad on concrete piers down 

the s steep side of the gorge, each about 1200 ft. long. im 
A The power-house consists of two n main divisions, the Dente iting and | 
-equipment building, both being built of concrete substructure with 
red brick and steel superstructure, capped with tile ‘roofing. The generating 
equipment consists of ‘six 18: 000- he Pp, water tuxbinés ; of the reaction type, 

direct- connected to 12 000- kw. vertical type generators, 
generate at 6 600 volts, 3-phase, 60-cycle, and the. power is stepped up to 

: = 000 volts for delivery to lines, by ‘six transformer banks of 


4 approximately 590 ft, ‘the gre gross head ander pr water conditions being 608 
ft. The annual output of the plant with only such storage as is provided by 
the small lake above the ‘diverting | dam was estimated to be approximately 
195: 000 000 kw- hr. The first five units were installed i in 1912 and 1913, and the 


unit was added i in 1917 and 1918. re 


The second development on the Tallulah River was’ made in 1913 
and 1914, and consisted of the Mathis: Dam and Reservoir (Fig. 2). This dam 
about 6 miles, by river distance, above Tallulah Dam, or miles above. 
the back-water of ‘Tallulah Lake. It is built of reinforced concrete, and 
approximately | 90 high and 700 ft. long, and forms: a lake flooding 834 
and holding 1 369 000: 000 eu. ft. of water, which is equivalent to 
15 000 000 kw-hr. at the Tallulah Falls plant. ‘Tt was constructed tt to form a 
reservoir to regulate the river flow 

<a its “purpose to the extent ‘of increasing the annual output of the Tallulah 


plant to approximately, 140 000 000 kw-hr. per ‘annum. 1916, ‘the load on 


= 


required, and, in in 1917, after ‘careful analysis oft many available sites, 


plans were ‘consummated for the ‘immediate construction of second large 
storage reservoir above the Tallulah plant to be ealled the Burton Reservoir, 
and for a new dam and power plant on the Tugalo River to be known as the 


x. § 
across the crest, and contains 112500 cu. yd. ‘ott masonry. It forms a 
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= tank, 40 by 80 ft., and 50 ft. deep, below normal water level, which contains i” 
oe _ the necessary gates and operating equipment, and the racks or screens which ra 
_ -_prevent débris or other material from passing into the tunnel. The tunnel §. 
ton 
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— Burton Dam was soon under construction, and was rushed to comple-_ 
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ad on 


ir which covers 2 acres and holds than 5 000 000 000 « cu. 
of water, equivalent { to 55 000 000 kw-hr. at the Tallulah plant. Its ‘construc- _ 
tion “was justified by a study of hydrographs which showed that, ‘during the 
not be retained | by the existing reser reservoirs, ‘were , sufficient to fill the wom 
Reservoir four years out of each five. The operation of the Tallulah Rive, 
plants since th the construction of this dam have proved that this reservoir has he 24 
increased the | annual output of the Tallulah plant approximately 50 000 000° 
kw- hr. per annum, making the present rating: of the plant 190 000 000 lew, a 
in a year of normal water’ flow, with more than 200 000 000 kw- hr. in ears of a 


heavy rainfall, these reservoirs regulating the flow of the Tallulah River to the ae 

extent of making (90% of the annual run- -off available for power generation. ¥, 


00 01 owt to 
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On account of the unsettled financial and labor 


the ‘ugalo Development had to be postponed, but was resume te? 
1929. This development consists of a cyclopean masonry dam, 150 ft. hig gh, 
and approximately 1000 ft. long, containing 225 000 cu. yd. of masonry, 


together with a power-house and transformer station with 50 000 pearrere a 

in generating and transforming equipment, and 88 000 h.p. in water -wheels. a SS 
The plant operates ‘under a head of 150 ft., f formed entirely by the dam, and Tas 

a rated output of 140 000 000 kw-hr. under normal water conditions. As it is a 


below the junction of the Tallulah and Chattooga Rivers, on the Tuga 


B will utilize all the water passing through the Tallulah Falls plant, regulated’ 
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formed by the dam itself has an of 587: acres, , and ees 


draw down of 500 000 000 cu. ft., which can be utilized for regulating the 


@hour flow of the Chattooga ‘River. The plant contains four units of of Ri 


vertical type, similar to the machines i in the Tallulah plant, two of which were| re 


‘Ss 

put in service in October, 1923, and ‘the other two of which will be i in service tot 


a. study of load conditions early i in 1928 disclosed the fact that the entire 
‘output of the Tugalo Pl lant would be required by. the load demands of the 
system immediately on. completion, and, therefore, construction begun 
in the early, summer of 1998 on. two more plants in the ‘Tallulah a and 


ov 
chain, ‘namely, the Terrora and Yonah I ‘Developments. ay 


The Terrora Development lies. between the Mathis sand Tallulah Reservoir, 
‘thedaoeliatn of a power-house with 20 000 kw. in generating equipment, located be 
wy at the head of | Tallulah Lake (Fig. 2). - surge tank will be | built on the hill- 
ie side, directly above the power- -house, and a tunnel about BE 5 600 ft. Jong will 
Fa extend from the surge tank to the intake structure on the shore of the Mathis 
presenting a development similar to. the original | Tallulah Falls | plant, 
a except t that the total head is less. The gross head on this plant will be 190 
t., 90 ft. being formed by the . Mathis Dam and 100 ft. by y the fall i in the river 
between: the dam site and the power- -house. T he generating, capacity will con 
Be sist of two 10 000-kw. generators of vertical tbe , direct-connected to 15 000-h. p 
_ water-w -wheels" which will be ‘supplied with water from the su urge tank, through 
iz two steel penstocks 9 ft. in diameter and about 900 ft. long. This plant t will 
have : an annual output of approximately ¢ 60 000 000 kw-hr. in ‘years of normal 


ai water flow, and will utilize the storage waters behind the Mathis a and Burton 


maf The Yonah Development, on | which work is now progressing, will consist 
eyelopean. dam on the Tugalo River about three miles below the Tallulah 
# plant, and will back water to the Tugalo tail-race. The dam will be 75 ft. 
high, about 900 ft. long, and will 1 contain approximately 115 000 cu. yd. of 


generating equipment will consist three 75.000- kw., vertical type 
machines, direct-connected to 12500-h.p. water-wheels, oy operating under a 


AP. 


she gross head of 75. ‘ft. plant will utilize all the water passing the 


In addition 


Wa 


between the Burton Dam and the back-water the Mathis Dam, consisting 
of a a 60-ft. dam and a power-house Snnhbininds: % 000 kw. in a single unit. As 


as this plant is under way, a power-house ‘with 6000 kw. in generating | 
4 


SIT 


eons will be > built below ¢ the Burton Dam, provision having already bea 
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or OF THE SOUTHEAST 
plants are ‘but will increase the output the 


These plans ‘provide for complete development of. of Tallulah and Tugalo 4 
Rivers throughout a a river distance of 38 miles, where the total fall is 1 ib ft. i. 


wpieil ‘output, anaes a year. r of normal water flow, will be 531 000 000 kw- a ie 


| based: on a net run- -off of approximately. 40 in. out of a total rainfall of 65 = 


as the average over the entire water-shed. | Attention is called. to the fact 
that the water stored ‘in the Burton and Mathis Reservoirs - is equivalent to 
000, kw-hr. at the ‘water-power ‘plants below the reservoirs, which i 


al annual output of the Tallulah. and 


Yonah plants; nor do ‘they ‘include the effect of reservoirs ‘which ‘will be soll 


structed in ‘the future on the Chattooga River above the Tugalo and Yon 


de to pret transmission ‘system by 
‘single circuit ‘110 000-volt line from the Terrora plant to: a ‘switching station 


| near Tallulah Falls, with a double circuit line of the : same voltage from this A 
‘station to the Tugale plant, a “single circuit, » 110 000-volt, line the 


and Chickamauga, Chattanooga, which will be used to. supply new trans- 
former stations at the three first named and to establish another connec: 
Table 1 gives the figures just t quoted with respect to water- power plants — 
a on Tallulah and Tugalo Rivers, and the capacities of the various 110 000-volt — 
_ transformer stations now in service or under construction, as illustrated on 3 fe 


Fie 1, which ¢ shows the Georgia System and its interconnections. 


“Com 
- reny’s System, on the completion of the plants now under r construction, and 
Ly those immediately proposed, will be 217 400 ky-a., with an annual output of 
- approximately 600 000 000 kw-hr., all of which will be : in service within the 
two or three years. To these figures should be added 189 000 y- “a. a8 the 
Systems, “serving the central part. of. the ‘State of “and 
q directly connected with the Georgia System, ‘giving 406 400. ky-a. as the 1 tota 


y generating capacity which will be in service within the next few years on the 
transmission systems of the State. This does not include the 


| 
entire 
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System. igures do no 
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ross, to Marietta, Ga., 110 miles long. New transformer stations have 
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IN ERCONNECTED POWER SYSTEMS OF THE SOUTHEAST 


TABLE 1.—DatTa RELATIVE TO THE TALLULAH AND ‘TueaLo. RIVER 


Drainage area above dam, in square miles... se 
Area of reservoir, i 
bie of reservoir, in cubic feet 
Capacity of reservoir, in equivalent kilowatt- “hours 
ti _ At Nacoochee Power-House bis ‘ 


ey Generating capacity, in kilowatts 
-wheel capacity, in horse-power .....-- 
Head, in feet..... 


S888 


‘Average annual out ut, in horse-power-hours 


rit 


Available of reservoir, in cubic feet 
“Water-wheel capacity, in 
x “Average annual output, in kilowatt-hours 5 
Average annual output, in horse-power-hours,.... ald 
rainage area above dam, in square = 
rea Of reservoir, in 
Capacity of reservoir, in cubic feet 
| OR ten of reservoir, in equivalent kilowatt-hour 
Terrora Power-House....... é 
_ At Tallulah Falls Power-House 
At Tugalo Power-House,....... 
At Yonah Power- HOUSE... 
Total, 
Genarating capacity, 


ae Height of dam, in 


capacity of reservoir, in cubic feet.......... 
Generating capacity, in 
wheel capacity, in 
Average annual output, in 
Average annual output, in 
Tugalo 
“Draina age area above dam, in square miles 
Area o TeSErvoir, iN ACTES... 
en) wa Available capacity of reservoir, in cubic feet 
Generating capacity, in atts..... re 
_ Water-wheel capacity, in horse-power... 
fit Head, in feet 
. Average annual output, in kilowatt-hours 
Average annual output, in horse-power- hours 
ew... Development (Ralston): 
= Height of dam, in feet 
lt Drainage area above dam, in square miles 
Available capacity of reservoir, in cubic ‘feet. 
Pats Generating capacity, in kilowatts...... 
'Water-whee! capacity, in horse-power 


.Total water-wheel capacity, in horse-power 
‘Total average annua! out put, in kilowatt-hours 
7 Total average annual output, in horse-power-hours... 
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5 280 000 000 
| gl 
17 
13 
1 
— 
14 
th 
Gi 
— 
— 
Average annual output, in kilowatt-hours......... 68 80000 
Average annual output, in % 700 000 
| 63 000 000 
200 000 000 
500 000 00 
g 
— 
140 00000 su 
a 
112 500 
Total storage capacity, in cubic fect... 912 SY: 
of 
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000 
000 
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000 
210 00 
00 
00 
00 
00 
000 
190 
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000 
940 
450 

23 600 

30 

800 


Papers.) -INTERCONNECTED POWER ‘OF THE SOUTHEAST 


‘Southeastern network, being. connected on the west with the Alabama System, — i 
on | the north with the Tennessee System, ‘and on the east with the Southern a 
is connected with the Carolina Power and Light © 
Company, operating i in the territory northeast of the Southern Power System. 


The growth of the industry im the adjoining States. has been equal to or — 


_ In North Carolina and South Carolina, there will be a generating | capacity acs 
‘ghounting to 606 550 kv-a., | on the comp completion of the plants listed i in Table 2 
under the Southern Power Company and the Carolina Power and Lig 
Company. The Alabama System will have a total capacity of 571 800° 


the “Muscle Shoals hydro-plant), and the Tennessee System, 
making the total combined generating” capacity of the South- 

eastern on the completion of plants now under construction, or 


i 


“diately proposed, 1 781 185 5 kv-a., with an n estimated annual output “not less 


1088 is given in Table 3 as 2 979 543 600 ) kw-hr., which v was 20%. greater than | 


ding figure for the preceding year, 
i The territory within service distance of these va various s companies is approxi- Sik 


E “Ges one-half the combined area of the States | of North and South Carolina, 


Georgia, . Alabama, and Tennessee, , amounting to 120 000 sq. 1. miles, w with a total 


of more than 6000 000. is thi traversed with. high- 


sive of all distributing lines operating at 44.000 ‘volts, 88 000 ‘volts, or 
f from which it will be noted that the total actual line mileage of these high- 


3 voltage lines on the interconnected systems is 3 112, over which double | circuits 


; are strung in many cases, or provision is made for installation of woul 
> 


a Thus far this paper has described the general ; interconnected power systems : 
of the Southeast, and of the Georgia. and Power Company, in 


With regard to the ‘operation of these power little, 


if anything, of great interest can be said. In the abstract contemplation « of 
Super-power ‘systems, much speculation and calculation is usually entered into 
in order to determine the operating characteristics and the a operation, 
based on on hypothetical systems 1s and conditio 


operating difficulties have been. encountered. 


4 wer over these interconnections are out with the same regularity 


with the same operating characteristics that is found in each of the 
_ Systems individually. It is not even necessary ‘to pay attention to the problem 
of voltage regulation, as s each system, when interconnected, continues its 
regular: operation without regard to the other systems. two ‘system: 
with: Somewhat voltages” are connected, the voltage equalize 
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TABLE 2.Ssowme ATING CAPACITY OF THE VARIOUS 

CoMPANtes COMPRISING | THE SoUTH EASTERN POWEI SYSTEM. 


Company. _|Type of plant.} — in kilo-volt struction, in kilo-volt 
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Norge.—Some of the plants listed in Table 2 under Southern Power Company as 
existing are under construction. The table does not include all the proposed plants of ‘the _ 

various companies, but only those on which construction has actually started. I 
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INTERCONNECTED POWER SYSTEMS OF THE 
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21.000 


Total hydro power. 000 


Total steam power 
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Chestatee....... 


| 20000 We my 
hydro and steam! power .....) 161400 


Macon eens 000 ona 15 000" 916 


Total hydro and steam power.. 000 000 
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(Continued) 
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Jackson Shoals. 
Tallassee 
Lower Tallassee 


i 
at ao Company. -Hovolia Type of ‘plant. 


Existing capacity, _ Capacity under — 
in kilovolt- Bt construction, in 
amperes, kilovolt- -amperes. 


— 


=. 


-Montgomery.........- 
Sheffield 


Otal SteAM 


$5 


Total bydro and steam power.. 


25 


OF 


Ges 


LF 


Southern Power Compapy....... 

Carolina Power and Light 
Tennessee Power Company 


Georgia Railway and Power 


 Golumbus Power Company 
Alabama Power Company... 


Grand total, Southeastern System... 


= 


Central Georgia Power Company... 


plants, - 


| 


KILovorr- AMPERES. 


Steam plants. Total 


400 

vig it 196 

400 

80 000 

159 000 


1406505 


om 1 781155 
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where along the of the interconnection, wail the potential ¢ conditions on the 


‘Separate systems are affected 1 little, if any. There has been no trouble in stay- 


ing in parallel, except during - periods of light load, 
sing hours, and if at that time any great amount of power is n being. 
one system to another, no trouble has been experienced. 


usually in the early morn- 
transferred 


_— Sections of the territory have been saved from serious interruptions of 


ce, several times during the these companies have been 


of cotton mills and other have been kept at work by 
* upply of power | ‘originating many hundreds of miles: away. It is this insur- 


against shut- downs, when one company can call on ‘the others. for 


ssistance, 


that the ; greatest benefit of the interconnection is derived, notwith- | 
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standing there is a a daily 


serves to conserve the ‘water: resources to a large extent. > A word in passing ~ 


- should be added respecting the lease of the U. Ss. Government steam plant at ‘ci 


Sheffield, Ala. Several of the power companies in the Southeast associated 


themselves in inst this steam plant in order that it might be operated during _ 
: - the fall, » OF during dry weather, to supplement the water-power plants during the 
period immediately following the World War, when the hydraulic construc- 


TABLE 


LE AL Power, In KiLowatrt- Hours, ABSORBED SysTEMS or THE 


: 

ot 


Southern Power 026 
Carolina Power and Light 198 452 248 
Tennessee Power Company.. 460.097 505 
Alabama Power Company.. 7683 260 9638 

Columbus Power Company 

Central Georgia Power Company.. 


TABLE 4, —Hhen- Vourace OF 


000 Volts; 100 000 and 110000 0 Volts.) 


Company. 


- Carolina Power and Light Company. 
Tennessee Power Company.......... 
Alabama Power 
Georgia Railway aud Power Company........ 
4 Columbus Power Company 
Central Georgia Power 
ik 


“Be ¢ The distances represent length of lines, some carrying one or more ‘ime and do no 
include any 44 000-volt, 38 000-velt, or lower voltage distributing circu 


. tion had not kept 5 pace wi 


the Alabama Power | Company, transmitted or relayed to the 


in the Association up to the of the lines connecting the 


“for the three sie, indication that it will also be operated 
during the fall of 1924 to the same extent. - Power in this steam plant has 
been relayed, not actually transmitted, from Sheffield, to Raleigh, N. C.. 

a distance of nearly 900, miles. This relaying of power - is one of the chief 


vantages of an interconnected system. "Although the power from Sheffield 


not sctually in ‘Raleigh, the effect ‘of the interconnected em 
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NECTED POWER SYSTEMS OF THE 

a made it en to use an equivalent amount of power in Raleigh, it having 


4 been relayed f from one system to the other and used at the point of greatest 
advantage, involving the least distance of transmission. During this 


an engineer familiar with the in the 
a) development of water-power construction of steam stations, and the erection 


of transmission lines operating at high voltage, the figures quoted give a 
- graph ic picture of the enormous development which has been going on n during 

_ the past ten years, in the industrial life of the Southeastern States, and that 


4 contemplated i in the coming decade by those responsible for its power r require- 


a ments. sf It would seem to the writer that the general super-power system > must 
& come after the various ‘groups: of ‘States are interconnected the power com- 


‘panies of which have an immediate mutual interest, ‘and when their -devel- 
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AIN IMPORTANT 


HN A. MILLER, JR. Assoc. M. AM. Soc. CE E. (by letter), g—By pre-e 
senting data concerning the vehicular traffic on important. river bridges, j 
Messrs... Fowler, || Steinman, || Lewis, | and Singstad have added valuable inft infor- 
mation to the paper its scope. The ‘discussion. of tunnels 
versus bridges has also shed light on the question from a new direction. Both Es 
these important considerations omitted from the original investigation 
because the study was made after the erection of a bridge in a ‘particular — 
location had been definitely decided upon, and because the problem was ‘viewed _ -_ 


ad. As Mr. -Singstad- has pointed | out, the location of the Delaware River _ 


‘Brides’ is probably not ideal as far as passenger traffic by rail is concerned; bd 


would be impracticable on account of the resulting vehicular congestion at both 

ends. There is, therefore, much to recommend a tunnel. in that case, 
“bw ever, a problem would be presented concerning the best way to 
“the facilities provided, and the conclusions already reached would be applicable. Ga 


on the other hand to build a bridge where it would best serve the rail t traffic © = 


The objections raised by Messrs. Weir** ‘and Steinman to placing 
“tracks on the ee appear to exaggerate the importance of the automobile in 
In discussion it was said that 


“was suggested that the of a bridge be 
“railway tracks were omitted from the design. The fact is, however, that the 


“electric railway car, as far as efficient use of the street is concerned, surpasses 
any other means of transportation. _ Traffic counts recently made m six im- 


portant cities show that the street cars are carrying upward | of j 5% of 2 


total traffic, although they constitute only about 15% of, the total number of x 


vehicles. a The figures are given in Table 1, from which it will be seen that the 


street for ‘automobiles, but would reduce it ‘ie general 
tion purposes. . There seems to be no good reason why the automobile ort 


Discussion of the paper by John A. | Mies, Jr., Assoc. M. Am, Soc. C. E., thee 
from September, 1924, Proceedings. ve, 


Asst. Editor, Electric Railway Journst, Now York, N. ¥. 
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rather than by the tolls it provides. 


re: Railway cars. Other) vehicles. ra railway, By other ve vehicles, 


railway tracks is true only in ease the railway passengers elect. to travel 


by an entirely different r route. They could 1 not be carried over the bridge by 
any other means that would produce as small a live load. ‘The - total weight 
_ per passenger carried, which is probably the best basis on which to ‘compare 


the live capacity ‘required for various of is 


that t little to choose between them. Among the passenger 
only a fully loaded Ford can compare with either | of. them in Pope of 


weight per passenger. ‘Typical weights are given in Table Pronk 
“3 TABLE OF "TRANSPORTATION 


a 


Qe At rr, t ‘lit | Total weight,| Passenger Pounds per 
of facility. “in n pounds, | capacity. “Passenger. 
Connecticut Company......... ) any: lint 800 
Northwestern Ohio Railway and Power Company... 500 B68 
hiladelphia Rapid Transit Company 39 pads 1000 


B99 
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<q stedmaiqes a 


DISCUSSION : EFFECT OF RIVER ON TRANSIT CONDITIONS [FE opens, 
be espe Mtither in the street or on a bridge. The | 
loa 
bal 
an 
23 | Composrrion OF TRAFFIC. | PassENGERS CARRIED. or 
= Cal 
a | 
| in 
Ne 
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.agitoorib you mot wo bole cele end eogbiad ge 
en _ The statement that the original cost of a bridge such as that being built de 
_—s across the Delaware River, could be reduced as much as 50% by the elimination if 
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B 
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sil? mozest boos do sd et 
678 a 
stimate Dased on rallWay company's specifications. 
7 Estimate based on manufacturer’s specifications. 


icles, 


age. 


_ Probably none of these facilities would be operated at its’ ‘most efficient - 
loading, except ¢ during the rush hours. Their relative merits, however, would © 
not be altered on that account. 
<i The slight advantage in weight possessed by the bus is more than counter 
balanced by the road space occupied. | This i is a matter of ‘paramount import- . 


ance in the case of a bridge where the roadway is likely to be e congested. | The 


ordinary electric ‘railway car occupies approximately 3.5 sq. per passenger 


carried, a single-deck bus of average size about 5.0 sq. ft. per passenger, and 
a | private a automobile somewhat more than 20 sq. ‘ft. per passenger. If every 
inch of s space occupied by electric railway tracks | on the _ew River nes in 


the passenger capacity would be woefully insufficient. tt 
Moreover, experience has demonstrated times without number that traffic 
movement: is accomplished most expeditiously with large “units. In other 
words, 50 railway cars will cause far less. confusion and congestion than 100 


details... _Under these the conclusion appears inevitable that 


should be an electric railway. 


> 


or more buses, regardless of the street space occupied, relative weights, or or other = 
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If beot aft vd 


Dav’ ton Coyte,t Ese. (by letter). §—Mr. Whitney attention to the 
7 ae _ fact that there may be bending stresses in the: shell near the ‘support and near 
he the | top, which would be dangerous for a thin shell. Where the dome has no 


1G plane of rupture, the yielding of the ring tends to btvaightin: the profile just 


bending is positive, and the tendency would seem to be not to burst, as Mr, 
? a says, but to collapse downward if the profile should become so far 
_ distorted as to result in a reverse curve, concave upward. In that case the 


extra “masonry should be dn the outside rather than on the inside, “near the 
bottom, to provide room for the line of stress to move’ outward without getting 


ey te to? 4d ot at out ‘a ll 


Where the dome has tension in the lower part, the rings taking this tension 
will stretch about the same as the ring at the springing line, i any, and no- 
dangerous effects on the profile are likely to 


At the top, the compression tends to increase the curvature of the profile; 


on a very flat, thin dome, it might even conceivably cause the formation of a 
low spot in the middle, like the end of Columbus’ egg. The meridional stress 


would then become tension and the middle would ‘drop out, unless held» 


meridional reinforcement. these e elastic effects ar are difficult, to compute 
exactly, especially in | masonty with an uncertain elastic coefficient, but the 
4 


recognition of them is an essential part of the ‘ “judgment” that needs to 
in in connection with such as these, i in whidl which all the facts 


the on faces between the ribs of a pyramoidal dome, 


— Cain’s criticism] i is well taken ; the total horizontal force acting Me 


ee horizontal beam, L, is not ——, as stated i in the derivation of saints c 


Refersing to Fig. 11, the horizontal force at the rib 


“of: the reactions of the two herisontal beams, L, , on each side of the rib. - 


a above it, for the parts | closest to the ring” will stretch’ the 1 most. That is, the 


Discussion of the “Paper by David C. Coyle, Esq., continued 


With Gunvald Aus Co., New York, N. 
Received by the ‘Secretary, August 13, 1924. 
Proceedings, Am, Cc. 1924, ‘874. 
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As to the distribution of this. load there ‘might be assumed a a series of 
sectors ors parallel to D, which would g give a load v varying from zero at the center Me al 
to a maximum at the ends, or a series parallel to d, giving a load v varying from | i rf 4 


at the ends to a maximum at the center. It seems s reasonable for practical 


“stress e the 


ae bending would be 5 — ; instead of ee as previously given, or, 
“rather than Equation: (11), as given. 
_ Os Cain seems to be in error in his derivation of @ for -Qs sin 


which he refers is the reason for the fact, pointed in at the 


: <_ The expression for the value of H L given by Pree Cain is correct, if ok 


Bi is the radius of curvature of the diametral profile, and a, the angle between aed 
R and the vertical. Neither of these quantities can be correlated with the cor- ees: 


= quantities for the diagonal profile, , as their relation depends on the hen 


Particular form of the profiles. It i is possible, however, to derive a value for 
the ring tension, | using | Professor Cain’s formula. Let 
which corresponds to R, and B to 6, in (8).* 


Soc, C. E., April, 1924, Pp. “415. 
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DISCUSSION ON “ANALYTICAL SOLUTION OF MASONRY DOMES Papers, 
rity 


= This equation, although identical in general form with Equation (8), would 
give values of B probably slightly smaller. 3 _ Equation (8a) is based on the 


ei assumption that the dome consists of a series of elements in planes parallel 


tod d, while ‘Equation (8) assumes elements parallel to D. The assumption of 

elements i in radial planes would doubtless be 1 more nearly. correct, as Professor 


Cain remarks, but the formula i is too ¢ complicated for practical use, and Equa- 


(8), involving a longer span than 1 the others, will probably always give 


_ the largest stresses. As low unit stresses are used in any case, the choice is 


goswied algon oda» , alia to toa authe 


wel 
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Ww. ‘Meant C. E. (by letter). g—In treating this 


j subject, the attempt was made to condense the paper so that it might afford a’ 
; general but complete | outline of the entire question. © Being general in char-— q 
n acter, the outline i is subject to modifications when - applied to any y particular 

in factors may become insignificant, while 


dependent hydro- 
most in the outline will apply 


well to a development which is to be a part of a larger power system. As part — 

is of a system, the proposed development must st necessarily be considered in its 
‘relation to the. system as a whole, and the aspects of the problem r may be con- 
siderably changed. ‘Under such conditions the greatest change is perhaps the 
” reduction i in the uncertainties as regards the market, the cost of financing, t the 7 
y development of business, the cost of eam and d operation, and the pro- ay) 
_ When a business of considerable size is once developed, its extension is 


accomplished with much less uncertainty than the: establishment of a a 


expense than development of a new business is entirely or 
speculative. The cost of management and operation can be based on actual 


experience, and the nature of the load and its’ probable trend of develop- 
w ished ; thus, the real value 4 


of the new plant to the business is is more “readily and exactly determined and . a 


¥ there is less hazard i in 1 many p phases of the problem. — ‘Asa a part ofa system | a 


electric plant may be developed to a “greater machine capacity than 
onl be advisable f for a similar ‘independent plant, for it may “prove eco- 4 
uw 


nomieal, as ‘stated in the discussion, to utilize such a plant for the base load 

during high water and, if pondage is s available, reserve it for carrying peak 

“iad loads during low water, as under such circumstances capacity can be secured a 
then. by the installation of additional steam-electric capacity. 


* Discussion of the paper by Daniel w. Mead Cc. B., 
* Prof., Hydr. and San. Eng., Univ. of Wisconsin; Cons. Engr., Madison, ‘ 

Received by the Secretary, September 4, 1924. 
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that the various illustrations used in the paper* (including Tables 2 ‘and 

3 and Figs. 5 and 6, also, Appendix D) are special cases which can be applied a 
i “only in principle to similar studies. In general, the discussions are elabora- _ 
tions of various phases of the question w which be 


Be as the subject if treated in detail would require several volumes. can bh a 
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INCREASING THE ‘CAPACITY OF EXISTING STREETS | 


bate lesigol stent ¢ ell file oF 09 aly 
‘ “A. Janni,t M. Au. Soo. C. (by letter). ¢—This timely paper is 
re 
"apropos of the transportation ‘problem o of ‘Lower Manhattan. It is axiomatic 


that the traffic problem i in ‘New York i is charaeteristic of New York; therefore, 


- it should be solved with respect to the peculiar physical shape of the city and ic 
with the knowledge of the exigencies of its business life. ' The general methods ds 


wv 


wan 


_ of handling traffic i in London and Paris, as well as in some of the larger Amer- 
‘ican cities, although useful, ‘as far as the ‘study of their minor details is con- | 


cannot be taken as models for other cities where conditions are” al 
¥: It is said that - in the past few years the traffic in n the lower part of New 
_ York has increased about 100%, and everything points toa progressive g — : 
— by year. There a are two, factors i in the qi question which, so to speak, “wor 
‘against each other, namely, the physical. conformation of: this district and its na 


Bessey importance. It is true that part of the congestion is gradually being — 
1 shifted toward 42d Street, but, thus far, this has not ‘sensibly relieved the con- 7 


Ways and 3 means this “congestion have been studied pro- 


posed. of them are merely makeshifts, not worthy of a ‘metropolis like 
= York; some are rather expensive, but inadequate ; and a few have taken 


into due consideration the main source of difficulty i in this problem. 
25 


A map of part of New York (Fig. 16) shows that in Lower Manhattan ‘a. * 


‘ith -south transportation is fairly well developed, but the east- -west facilities 
er almost completely neglected ; ; this i is one of the causes of the highly con 


gested trafic on the main east and west arteries in this locality at rush 


eV B 


The rapid transit lines are congested on the backbone of the island, 7) that a 
_ Pedestrians are bound to become crowded in reaching their means of trans- 


: portation. Furthermore, the elevated lines are located on streets which would — 
be excellent north- south arteries of traffic, were it not for the interference of 


these structures. — Finally, for the development of New York toward the north ¥ 


and northeast of Manhattan, adequate long hauling express ‘ess transportation 
From 110th Street north the transportation between subways and 
well distributed, except for some additional cross connection lines that probe 
Bt 
* Discussion on the paper “Arthur Tuttle M. m. Soc. C. E., continued from 
4 Received by the Cones, June 24, 1924, ‘ 
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ial 
‘deficiency. aturally, in any new transportation the of 
elevated lines north of 110th Street should be adequately for their 


trunks should be singel to with the new exigencies of trans- 
+ Gdndllis is ‘not | a precipitate judgment, therefore, to say that an elevated tra 
"portation as it is located. at present, ‘sooner or later mast ‘disappear, to give | 
place to something w which fulfills the same task in a more logical and far less 
- Gepeee way. . In other words, this type of elevated line must submit to v what 
2 already happened i in all ‘Progressive cities, to the wiring for ' the t telephone, 
It will be seen from Fig. 16 that the new system of transportation proposed | : 


retention of all present for they are located and 


Fe erry run along the Hudson River to 110th Street, there 
a the old elevated line (this line, the west line, should have | six or eight © 


tracks for expresses and local trains) ; the other could run from South Ferry | 
to 110th Street along the East River front, as shown, connecting at 110th 


Street with the old elevated system (this east line could hinbe Fite! Hit to 


4—A system of cross-connecting subways hich would make it possible 


to transfer to all lines, both elevated and subway, as needed. These changes 
be made possible on the basis of a single fare. 
Tt seems desirable that the east and west express lines should have few sta- 


‘tions south of 14th Street; and that from 14th Street to 110th Street there 


‘should be. no ‘stop whatever, so as to make possible the. transportation of pas- 


- sengers living north of 110th Street, thus relieving the traffic in Lower Man- 


hattan as soon as. possible. t will be seen, also, that the connecting cross 
subways would suffice to carry y people : from “the center of Lower Manhattan’ 


reat ffi 
Furthermore, ps passengers, i in order to get to the proposed elevated, will either | 


- disappear from. the surface through the stations of the longitudinal and cross 


number of pedestrians will, be over a far large er surface than 


ath the pedestrians, avoiding the ‘great con-— 
gestion on these ‘streets, which is now intensified in rush hours. For that 


thee entire traffic of Lower Manhattan, as far as pe are. 


pedestrians are con 
_ cerned, _ will diminish very materi lly on the surface of the streets. =. 
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INCREASING THE CAPACITY OF EXISTING STRE _ 

ight 

ther 


ba on The rapid transit lines might be of great assistance to shipping during the 


-non-rush hours, , nights, and holidays, if a plan could be effected v whereby some 
o of these tracks might be used by railroad companies. #F urther, by an agree- 
4 ama between the City, and the New York Central Railroad Company, the 


"latter might ‘remove its tracks from Tenth and Eleventh Avenues, in 1 exchange | 
a track of the elevated line, thus removing the streets a constant 


source | of danger. aie | [thet | 


abolishment of ‘the old elevated system | would several thorough-— 


which, at present, cannot be cused to their full carry ing capacity. 
instance, on Sixth Avenue, south of Central Park, by removing the elevated — 
“structure, and by cutting, say, 2 ft. from each sidew alk, the resulting roadway 

would amply } carry three rows of automobiles each way ; at present, often there 
is only convenient space for two rows, one each way.. Real estate ‘values would - 


also improve ms materially, ‘and first- class construction like that. on Madison 


> 


Avenue, or even on ‘Fifth Avenue, might result. similar transformation 
might happen on Ninth, Third. and Avenues, should the traffic 
we Ac city pre- -eminently commercial and industrial j is not necessarily ugly and 


oppressive, Assuredly, commercialism and utilitarianism must have their 


places, but. after all they are not the only considerations in the life of a city. 


stead of the present unsightly, noisy, cumbersome, and obsolete structure, 


er 


a 


construction, in general, has little claim to being ¢ called esthetic, and its” 


cheaper initial cost is often misleading. By using: reinforced concrete the 


— would | be a minimum, noise would b be materially reduced, and, Gially, 


effect could be reached by a few cleverly lines 
never will be resi- 


ential or shopping districts, where an elevated structure would be highly y objec f 


tionable. The section of the western elevated structure from, say, 72d Street 
& ~ north, could be lowered to such a a level as to become almost a subway with 


to Riverside Drive, other ‘minor difficulties: which may arise ina 
= plan like this could likewise be overcome. i; ‘The idea of a marginal 


vs elevated railway is is not vital to this plan; a ‘marginal subway with the ‘same a 
/ number of tracks, apart from its financial aspect, would serve just as cS 


‘The principal need is to relieve the concentration of traffic by — it 


foregoing improvements the re- coy of the st sur- a | 


_ which would hold good for all time. nf It may ay be ngtad further - that the adoption 

this plan would not: interfere in any way with the present system of trans- 

while ‘the changes were being ‘made. The solution of this problem 
of transportation. in New York does. not but 


common sense. 
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iscussion’ 


lout 9 jon 
-yaluable contribution to the literature on the analysis of the concrete arch’ 
xing, containing as it does an Appendix describing the m method d of an analysis 
of the ellipse of elasticity. oF wat ro | 9 
One important feature of the paper is that it considers the elasticity. of 
abutments and foundations. Actually, abutments are clastic, likewise 
Designers: are too prone to compute the stresses of the ring: with great 
ie accuracy under the assumption that the abutments are rigid. | 0 As the central 
ee span is designed f first with rigid abutments and, later, with elastic abutments 
some idea of the effect of this , change can. be gained. Incidentally, the most 
important part of the structure is the abutment. Nearly all arch failures can im 
be traced to movement of the abutments whereas i in the drafting room most of 
time and study are given to the ring 
method of arch analysis i is especially to investigation 
‘the effect 0 of moving and concentrated loads, but even in the i inves tigation of 
stresses. due to o dead loads it is more rapid in application than the more popular 
method given in “Principles of Concrete Construction”, , by 
eaure and Maurer. 


with both seve one-third one-fifth of his 


by using the author’s method. A large percentage of of the time used i in sooner 


method is taken in dividing the arch ring accurately into segments 


shows that the author’s method requires more study | before ‘it can 
than that of. Professor Turneaure, | but, t that it is. more rapid in its 
x application. _ Of course, by 3 means of legitimate approximations the time in- 

in applying the latter method may be considerably shortened. In 

® of the fact that an engineer needs to master the theory but once, after which E 

 * This discussion. (of the paper by A Cc. Janni, M. Am, Soc. Cc. E., published in 

4 1924, Proceedings and presented at the meeting of September 3, 1924), is printed in Pro- 


_ ceedings in order that the views expressed may be brought before all members for further 
- t Asst. Prof., Civ, Eng., Univ. of Washington, Seat 
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he may wooly it “many 


for its ck of popularity. With th the exception of poles and polars, the cater Ft acc 
uses only simple graphical constructions that ‘should be familiar to every 
structural designer. The author has developed the ellipse of elasticity using 
the method of Projective and the Principal of Reciprocity, rather 4 
ta than of Analytic Geometry. This is the more elegant method from a mathe- 
ty ie matical standpoint, but the curriculum of an American engineering school : 
ec does not t include this | branch of mathematics. _ Although poles, polars, ellipses, — ie. 
conjugate axes, etc., are taught in the ‘undergraduate engineering courses 
; ‘ - Analytics, it must be admitted that they are totally forgotten before the student 9 
‘ — his diploma. The subject" could be quickly reviewed, if presented in 
the language of Analytic Geometry. There is danger that one reading a 


- paper like that of the author assumes that it involves mathematics more ad- 
= than he has acquired or is willing to acquire and, therefore, leaves: it 


unread. Such expressions as “ “the auxiliary | conic of the system is imaginary” 
are discouraging to any one, ¢ even the most enthusiastic theorist. 
this » the writer has" been in | the: habit of 


th 


is 2 al of the location of the center of rotation of the “na of a simple can- 


tilever beam when deflected by a force at acting along 


| 


_ Let Fig. 22 represent a horizontal straight eantilever beam the length of 7 


whi ch is 1, deformed by a force, F, acting along the line, BO, but’ applied at 
. the point, AL To find the co- -ordinates, h and k, of the center of rotation, D, 


pe of the point, A, in terms’ of of the equation of the line of force, BO, resolve the 


ee — F, ‘into its vertical and horizontal components, nd N, acting through 


B, the point where F intersects the horizontal axis of a gates (the X — axis). . 

deflection of A due to acting aloneis: 


Pap 
; q % times, it is surprising that the graphical method has § wh: 
q 
| analytic relationship between the line of force and the center of rotation has 
>t i 
is 
‘ie 
— 
: 


‘DISCUSSION MULTIPLE- ARCH SYSTEM 
while the le of rotation is ¢ = , using the author’s notation and the — 


‘dimensions given in Fig. 22. Both these been i 


tead 


by r 


but aan whence: ail} 


Neglecting due to shear, this reduces to h 6= 


tion, of the point, A, due to N acting : yom is —— 

T,, and W act together, through an » 


= ——, , and at the same time moves vertically a distance, —— 2? and | horizontally 


4 


EI’ 


distance, - 


This amounts to a rotation through an angle, about ‘a 


edt 


891 stot aj Az fort 


center the co-ordinates of 1 which are; ‘tor 


a 
ar Bat 1 


van 


k= 


his entirely independent of the values of T’, and N, it fo follows that the 
of rotation of the point, A, due to a force, F, acting through 1 B, lies on the +, 


ve vertical line, = —h. “When Niszero,kiszero: te 
Again, resolving the , F, into its vertical 2 and horizontal components, 
: and NV, acting through C, the point where F intersects the vertical through the | Ba 


central point of the beam , the deflection due T acting a alone is 


T 


=0 in the foregoing expressions | obtained for 

is s vertical, while » 


‘The horizontal deflection of the acting alone 


alg 


= whi 


“ values of Noe and T, it follows that t the center 0 of rotation of the } 
a foree, acting through C, lies on the horizontal line, y = —h, 


_ It follows wae the brarhasesncatd hand k of the center of rotation, D, of the 


when acted on by a force, F, along the line t the equation of which is: is — et a = 


Pr 


Ans 


an ; and the graphical construction of the author’ S 


Except for ‘sign this is the relationship between the pole and polar of a real 
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N OF A MULTIPLE-ARCH SYSTED 
‘DISCUSSION ON DESIGN OF A MULTIPL Cc 


ellipse as given in standard texts on Analytic ceniin’ The change of | sign 
= _ Take as a more general example a curved cantilever beam (Fig. rere 
up of a series of E parts the elastic weights o: of which are Gg BD: is the center of — 


eae of the system. n of elastic weights and the x and ¥ r-axes are drawn | 80 

na 1e ‘sys em is symmetrica axes are best taken as’ 
hat >G@ey=0. Ifthe ayste symmetrical the best taken 


vertical and horizontal. thy thy Priva ity 


__'The several movements of the point, A, due to the force, T B? are: 


2+ 


= 


the center of rotation for a vertical force fies on the axis. The other quan- 


tities and values may be obtained in a manner similar to those in the. first 


-.-:Tf the arch is unsymmetrical the axes may not be at right angles | to eac 


other. Taking a advantage | of the fact that the center of rotation due to a force 


parallel to one axis lies on the other, the second axis may be found after 

Thus, the author’ ; whole graphical be algebraically. 

Although this meéthod is not as finished or as pleasing to those who have spe- 


cialized in this type of theory as that given in _ the paper, it has the distinct 


advantage of presenting to the ¢ ngineer a minimum of newideas. 
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OF EDWARD BENJAMIN: CUSHING 
on 
MEMOIRS OF DECEASED MEMBERS 


Noes, —Memoirs will be reproduced in ‘the volumes’ of Tranéactions. Any information 
"which will amplify the records as here or any shoul 


EDWARD CUSHING, M. Am. Soe. C. 


_ He received his first instruction. in the public schools | of Houston and ty 


+1862 
because of his rare aptitude for mathematics, advanced with unusual rapidity. st 


was afterward | sent to the. Texas. Military Institute at Austin, where he 


remained until the opening: of the Agricultural and Mechanical College o 


Texas, » at Bryan, in 1877. ‘He ‘remained at this institution during 1877 and 


1878, a member of the first engineering class, intending to ‘complete his course 
quan- _ but his work was interrupted by the death of his father, the late E E. E Cushing, — 
i y He returned to the 


a prominent writer and newspaper owner of Houston. 

- college later to resume his studies and, in 1899, received the degree of Civil 


Mr. Cushing obtained first practical training in engineering 


Smith, a “noted scholar and at one time Minister Plenipotentiary and 
_ Ambassador Extraordinary from the Republic of Texas. to the Court of St 


Tames. While engaged with Colonel ‘Smith, Mr. Cushing located ‘the 


‘boundaries that marked many including territory covering the 


"shores of Trinity Bay and | the | Gulf of Mexico, around the San J acinto Battle- ay 


Grounds, and Goose Creek, the richest oil fields in ‘this section of the State. 


Mr. Cushing ‘then served as an Axeman idihiee the late James P. Converse, ; 
Lief Engineer of that branch of the present Southern Pacific Lines, ‘then 


let 
own as the Galveston, ‘Harrisburg, and San. Antonio Railway. 


pari promoted to the position of Chief of oii and located a a from San 
Antonio, : Tex., into | Mexico. _ This work 1 was accompanied by the hard knocks 
and hazards characteristic of a rough frontier country. In 1881, he w 
advanced to the ‘position of Engineer in Charge of Construction on th 


Galveston, Harrisburg and San Antonio Railway. = 
In 1882, Mr. Cushing was engaged as Assistant Engineer on the ication 


of a Tine from Piedras Negras. to Paila, Mexico, a distance of 200 miles, a 


lowing which, during construction, he was. made Assistant Engineer of. Trac 


si 1883, he accepted a position as Assistant ‘Engineer with the Galveston, ‘Har- 
risburg” and San Antonio Railway Company, and was in charge of re-align- 
‘ment and grade, reduction, well as. yard ‘remodeling. During 1885 and 


Se 1886, he served as Assistant Engineer i in charge | of drafting and accounting 


or the ‘Gulf, Colorado and Santa Fé Railway Company, during much con- 


Assistant Engineer in Charge of Bridges, and Buildings, 


iad 
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MEMOIR OF EDWARD BENJAMIN CUSHING -[Memoirs. 


In 1889, ‘Mr. Cushing returned - to the ‘employ of the Galveston, Harrisburg 


and San Antonio Railway Company, which had been merged with the Southern 


a a Pacific Company, as ‘Resident Engineer in Charge of ‘Track and Roadway, 

which title he retained until 1897. ‘During this time, he was § assigned d to the 
rehabilitation of the Houston East. and West. Texas: Railway, extending from 
Houston, Tex., to Shreveport, La. he was ‘appointed Chief Engineer 


8 and | General sneral Superintendent of this Company with which he remained for five 


al He was then transferred to a Southern Pacific Lines as ie on 


hs 


“Maintenance of Way of the Atlantic System, with jurisdiction from New 


a 


‘Orleans, La., to El Paso, Tex., including the Houston and Texas Central 

Railroad—a total mileage of 3 200. In 1916, Mr. Cushing | was appointed 

- Assistant General Manager | of the Southern Pacific Lines, which position he J 

held until he left for overseas service. | 


June, 1917, he received an -appointmen t as Major of the 7th Regiment 


= 


th 


‘of Engineers, later the 1% 17th | Regiment, which was mustered i into service at 
‘Atlanta, Ga. The regiment sailed immediately for France, and, after reaching 


Havre, Major Cushing was transferred to the Railway Transportation Corps. 
‘s His territory ‘included La Pallice, France, a very important point in the 


operation of the Expeditionary Forces. On May 25, 1918, he was made Chief 


Transportation Officer of Base Section ‘No. 6 of the “American Expeditionary 
Forces. me ‘September of the same year, he was promoted to the rank of 


Lieutenant Colonel in the Trans rtation. Cox 8, and, in "October, he was 


appointed General Superintendent of the Army ‘Transportation Corps, covering 


_ Mediterranean ports. He received distinguished Service, medalg. from_ the 

Governments of _France, Belgium, and from the -in- -Chief 


‘ _ of the American Forces, and the French Legion of Honor. 


Colonel Cushing entered the with | the rank of Major, through test 

ue examinations and strong endorsements, although he offered to serve as eo 


Lieutenant rather than miss the opportunity of service abroad.. ‘To do so he 
resigned from an official railroad position that paid him a higher 


n his return from France, he resumed his position as Assistant | is 


aw 
ie with the Southern Pacific Lines, Texas and Louisiana, but remained = 
only, a short time, having been retired after forty years 0 service on account 


"Association of the South, and received similar compliment from the 


Franklin Institute, Philadelphia, Pa. He was a Thirty-second Degree ‘Mason 
and a member of the Houston Lodge of the Benevolent Order of Elks 


ong other military honors conferred on Colonel. Cushing, were appoint- 

es: by Governors of two States—Texas and Louisiana—to the rank of 


Lieutenant- Colonel in -erack ‘Guard regiments of those ‘States, In Texas, he 


~ was called into active service with the State Guard on more than one occasion, 
Pe ages nding ea ch time on short 1 notice and acquitting himself with credit. A 


= 


Colonel Cushing» was elected to honorary membership in the 7 


JS 


= 
wi 
R 
tt 
a 
A 
A 
| 
ne 
: 
Mechanical College of Texas, at a time when the college was temporarily 7 


ssident, and until the present head of the College, Dr. W. | 

‘Bizzell, ‘was appointed. Colonel Cushing also served as President of 

Soon after his retirement from active railroad service, he was appointed - 
Receiver of the Ranger National Bank, which institution grew to mammoth 

os proportions during the boom days of the Ranger Oil Field, but collapsed under — %. » 
the strain of deflation. ~ Colonel Cushing, held this position at the om of his pe 
death in Houston, on February 17, 1924. ib a 
_ He is survived by one brother, two married daughters, four niles =a 
and a host of loyal ; friends to mourn his untimely death. od, 
~ Qolonel Cushing was elected a Member of the American Society of Civil 


MEMOIR OF ‘THOMAS ‘REMINGTON: ‘HOLDEN D. DANIELS 1 


is ‘REMINGTON: HOLDEN ‘DANIELS, Am. Soe. * 


Remington Holds Daniels, the George ‘Metcalf 


4 


Ellen Eliza (Holden) Daniels, was born in ‘Providence, R. on February 
j 19, 1876. His father died when he was nine years of age, so that his educa-— 

tion was ‘dependent on his own efforts. He was graduated from high s 
i at the age of sixteen, and then went to work, improving . his education by a : 


study of civil engineering at night schools. The greater part of of his te technical ‘ 
mowledge however was gained by practical experience. 
iy From 1892 to 1896, Mr. Daniels was a student in the office of RH 
Tingley, Consulting ‘Civil. Engineer, of Providence, R. I. , and from 1897 
1898, he was with J. A. Latham, Civil Engineer, also of Providence. sii 
i. In 1898, Mr. Daniels entered the electric railway field as Assistant ‘En 
gineer in charge of track and roadway of the Rhode ‘sland Company, 
dence, He left that position in 1904 to become Assistant Engineer for 
Westinghouse, Church, Kerr and Company, on the construction of the new 7 
_ ‘Terminal Station £ for the Pennsylvania | Railroad Company, in New York, 
During his connection with | this | Company, he was also ‘engaged on 
for the high-tension line from Rochester to Syracuse, 
ON He resigned from ‘the Westinghouse, Church, ‘Kerr and Company in 
1906. and took charge as Assistant Engineer of the 1 ‘rebuilding of tracks for the _ 
- United Railroads of San Francisco after the earthquake. In this capacity — 
he reconstructed some thirty miles of old cable road and 1d also he charge 


of the installation of special work, f ph shiver od, 


In 1908, Mr. Daniels severed his connection with the United Railroads of 
San Francisco to become Chief Engineer of Maintenance and Construction 


such he assisted in the design and construction of the West Tenth Street 
_ Power Plant at Indianapolis, Ind. He left this Company in 1911 to go to 7 


_ for the Terre Haute, Indianapolis and Eastern Traction Company, and a as a 


Ala., as Chief of the Birmingham Railway, Ti and 


. David, M. Am. Soc. 
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Power Company. In addition to street railway work, he also had charge of 
the Power and Gas ‘Division. — In 1914, he returned to Indianapolis as Chief 
neer for the Terre and Eastern’ ‘Traction Company, 
‘in charge of all track work, bridges, and buildings. 
In 1911, Mr. Daniels was married to Effie Cade, of Baton Rouge, dais 
“survives him. He died ‘November. 1, 1998, at his Indianapolis 3 residence and 
Ss He was a man of modest Aepocithiiay high ideals, and absolute integrity, 
and was “very co conscientious in his work. was'a great lover of good music, 
being himself a capable pipe organist. He was affiliated w with the American - 
Association: of Engineers, and was a Scottish Rite and a York ‘Rite 


ay 


as well as member of the eShring © mo 
' a: Mr. Daniels was elected an Associate Member of the American Society of 
Civil Engineers on, 6, 1907, and a Member on June.19, 1918. 
sth, ‘LEWIS: SINGER m M. Am. Soe. 
2 Lewis Singer ¢ Gillette was | born | at Niles, Mich., on May 9, 1854. He was 
the descendant of a pioneer New England family. founded by J onathan Gillette © 
who came to America in the Ma ary y and John and settled in Dorchester, — 
3 Subsequently, members of the family moved to New York, N. Y., and, later, ‘to 
Mr. Gillette obtained his education in the country schost and 
School at ‘Niles. In 1872, he went to Minneapolis,  Minn., where he 
entered the University of Minnesota from which he was graduated in 1876 
iit the . degree of Bachelor in Civil Engineering; later, he received the degree 
of Civil Engineer from the same institution. mq tad? titel oH 


graduation, Mr. Gillette returned to Niles and for two years 


he operated until 1882, when he returned to ‘Minneapolis cast hig fortunes 
with that rapidly growing city. dyid tot ay, 

_ ci Mr. Gillette was engaged as Right-of-Way Agent for the Hill Railroads | in 
-_ 1882, and, in 1883, he accepted the position of Engineer for the St. Anthony 
= Water Power Company. p In 1884, he bought a a half interest in the  Herzo, ge it 


Works which in 1889 the Gillette Herzog Manufacturing Company of 
as ™ As head of this che an 


1899, the Bridge was. and took over the 

plant of the Gillette Herzog Manufacturing Company. Gillette continued 
for a short time with the American Bridge Company, in charge of all sales west 


lof the — River, but his growing interests in other lines demanded his 
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“full attentioi; therefore relations with that ‘Coimpany in 1900, and 


oe from then m until h: his death devoted his time and energy numerous enterprises a 


in ‘the organization of which he was ‘instrumental. 7 Among these undertakings 

was the ‘Minneapolis: Steel and Machinery ‘Company « of which he was one of Es 
the founders i in 1902. Company continued the structural steel business 

in the | West. 80 well begun by Mr. Gillette, and he retained his interest in the . 


enterprise, serving on ‘the Board of Directors continuously from its organiza- 


and of the Loan and Trust ‘He was President 
the L. S. | Gillette Company and the ‘Plymouth Investment Company, both 


Bis) ‘tt 
q dealing in ‘Minneapolis real estate, and of the Chippewa Land and Pasture 


‘During the last twenty years of his life, Mr. Gillette was engaged in and 

- devoted much time to matters of public interest. He served as Chairman of 
Building Committee of, the United States ‘Chamber of Commerce when 
its home « at Washington, D. C., was constructed at a cost of of $2 500 000. He was 7 a 
also an Honorary Vice- President of the Chamber and was a Deleg ate of tet d 
Society to International Conferences i in Paris, France, and Rome, Italy, 


His loyalty to his Alma Mater was evidenced by his action in joining with 


Gilbert, of New. York, to lay out plan for the 4 
enlargement of the campus. This plan has been maintained in the great 


“development that has taken place i in the last few years at the University of 
Minnesota. By his foresight and personal ‘contribution, it is is building toward Le 
harmonious and well- designed arrangement instead of erecting a number 
of buildings with n ayiae ofl 
_ As an vad Trinity Baptist Church, at Minneapolis, Mr. 
Gillette took great interest in its work, as well as in the work of other religious — oes 
in Minnesota. He was a Trustee of Carleton College, Northfield, 
ad Mr. ‘Gillette. was one of the substantial business men of Minneapolis, 
7 prominent in all matters advocated for the betterment of the city. His later 4 
"years: were more devoted to business affairs than to engineering, but he was 
keenly interested in engineering projects ‘and in the Society. He v was 
= extensive traveler and had a host of friends in all parts of the world. 1 His 
death: occurred at home in Mics., and was buried in 
is. survived | by his ‘wife, son, George L. Gillette, three 
daughters, Mrs. Marion Anson and Mrs. ‘Harry C. . Piper, of ‘Minneapolis, an 
a _ He was a member of the Engineers’ Club of New York, 7 University 
of Chicago, TI the University and Minnesota Clubs of St. Paul, Minn., 
and the Lafayette, Minneapolis, and Minikada Clubs of Minneapolis. 
Gillette was elected a 1 Member of the American Civil q 
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R OF EMIL ‘ROBERT OLBRICH 3 


Emil Robert Olbrich, the son of Florian and Mary Olbrich, was born on 


7 was graduated from the Philadelphia- -Rutledge Grammar School i in 1905, pen 
ne x, from the North East Manual Training High School, in Philadelphia, ‘in 1908. = 
Mr. Olbrich was associated with the Philadelphia Public Ledger as Adver- 
a “tising ‘Soliciting Agent for a short time, and then entered Pennsylvania State 
College, from. which he was graduated i in 1915 with the degree of Bachelor of 
He then the of Bureau of Highways, Philadelphia, 


maintenance ity and ‘urban roads, 


of | a with the Pennsylvania State Highway Department for 
the surface treatment. of miles of _water-bound -macadam in Western 


Pennsylvania. In November of the same year he was ‘appointed Assistant 
Professor of Civil Engineering, at the Agricultural and Mechanical College 


ba! ie of Oklahoma, serving in this capacity until 1920, except for a period of six 
ei months in 1918- 19 when he obtained leave of absence and was detailed as 
Instructor in the Naval Officers’ Training School, U. Ss. Navy. 
Mr. Olbrich then entered the University of Michigan, and was graduated 
therefrom in June, 1921, with the degree of Master of Science in Highway 


Ee: : Company, of Midland, Mich., and in January, 1922, was appointed Construction 
a Engineer with the North Carolina State ‘Highway Commission. — He held this 
= position with” -distinction until October, 1928, he ‘resigned to serve a 
Assistant to the Director of the “Advisory Board on Highway Research, Na- 
tional Research Council, with at Bi C., where he 


Olbrich was only years of age at -the of his and 
was advancing rapidly toward a distinguished career along the lines of scien- 
tifie research in highway engineering, for which work he displayed marked — 


aptitude. d He rendered particularly valuable service to the North fede 
State Highway Commission, by his assistance in the study and development — 


; of ‘the sand asphalt pavement, many miles of which are now being successfully 
* constructed by that Commission. He was widely known among ‘members of 
cs _ the Engineering Profession, to whom the knowledge of his death came as a 
great shock. His loss is deeply mourned. [A slidolf to 
c. He was unmarried, | and is survived by his father and ‘mother, : and by ‘two 


Civil Engineers, on November 9, 1920. AN 


Olbrich was: elected an “Associate Member of the American Society of 


—— 


‘Engineering. ‘He served the r remainder of that. year with the 
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